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DEPLOY is an interactive Goal Programming Model for, the

rapid deployment of armed forces. The project was suggested h/

LTC. IvyX C,. Cook as a continuation of Captian James Cooke's

Special thanks go to my thesis, advisor LTC. Cook who not

only qave me a wide latitude to work independently, but also gave

many pertinent sug;estions alorg the way. I am also grateful to

Major James K. Feldman, my reader, whose words of encouragement

al4ays, came at the riqht time.

F,,-thermore, I am especially indebted to my wife, Linda, and

son, Bryan, whose love and needed distractions helped me keep my

perspective and enjoy, life in the midst of this overwhelming

project.

Finally, I ackncwledce my Lord and Savior, Jesus Christ, for

giving me the true meaning and perspective of life. This is best

statee up in Palms 72:25 which says, "Whom have I in heaven but

Thee? And besides Thee, I desire nothing on earth."

David 0. Tate
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DEPLOY is an interactive Goal Programming Model for the

Rapid Deployment of Armed Forces which offers decisive advantages

over any current methodology. The front-end user-friendly

packaqe al l ows the user to easi l/ enter the necessary data e i ther

interactively or via external files. Furthermore, data files can

be easily created and altered to perform sensitivity analysis on

any of the parameters in the model.

DEFLCY accounts for both intertheater and intratheater

ar it, and can be used to optimaliy plan movement schedules for

predetermined forces or optimal ly choose and move a force frcm a

list of available units and airlift resources to meet specified

goals. In addi tion, further analysis can be performed to

determine the least number of aircraft or the least costly

a.r c aft inventory necessary to acccmpl ish the spe :ified goals..

This report describev the physical and mathematical,

--&nar io 1 imitations,and input requirements of DEPLOY. Further,

the report includes a user guide, variable definitions,

-subroutine definitions, and computer listings. The scenario used

to demonstrate DEPLOY used 122 decision variables and 126

separate equations. Finall/, this demonstration serves as an

evample to any potential users of DEPLOY.

V!<4 S



DEPLOY

An Interactive

Goal Programming Model

for the

Rapid Deployment of Armed Forces

I . inzn -minn_sl

In 1984 Army Captain James Cooke, an AFIT/GST student,

demonstrated for the first time a particular methodology which

determines how the interactions of unit weight, combat

attributes, logistics needs, and airlift resources can be jointly

optimized.(7,4) In his thesis he determined analytically the

optimal force mix or the incremental advantage in deployed power

attainable by an incremental chanqe in airlift resources. The

thesis DEPLOY was developed in response to recommendations in

Cooke's thesis "Optimizing Force Development and Force Structure

for the Rapid Deployment Force." (7:ff) The thesis by Cooke

originated from "a perceived need to approach the deployment of

combat forces using a total systems methodology, rather than the

present method of separate mission/service optimization studies."

(7:1) The model developed here takes the methodoloqy

demonstrated by Cooke and expands. it to an interactive user-

friendly computer program. Furthermore, this model allows the

user to "generate unit movement and force structure requirements

for the Rapid Deployment Force." (7:132) A background section is

included in this chapter to infor-m the reader of the perceived

need for a project 1 ike DEPLOY. Also included are sect ion on the

Research Scope and Methodology. (7:4-5'

I-
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In I80, The United States government indicated a need for I

the capabil ity to move large conventional ground forces to any

location within a broad geographic area centered on Southwest

Asia. As a result of this requirement, the Rapid Deployment

Joint Task Force (RDJTF), ncw redesignated the Central Command

(CENTCOM), was formed. This force consists of the 82nd Airborne

Divi i ion, the 101s t Airborne Division (Airmobile), the 24th

Infantry Division, two Ranger battalions, and Air Force, Navy and

Marine forces. The RDJTF Army units are all forces which

facilitate air transportability.

Although CENTCCM "as developed in direct response to a

perceived threat, the Air Force has insufficient aircraft

resources to support the full and rapid deployment of CENTCOM

assets. The Army, in its deployment planning, can consider only

the inventory of the Mil i tary Airl ift Command (MAC) assets. When

planning a deployment, therefore, critical decisions must be made

AE to how best to use limited air transportation. The basic

decision is to increase the combat potential available to the

ground commanders at the risk of reducing sustainability of the

already deployed force. Combat potential is a complex and

currentl' subjective index of the fighting capabilities of the

force. These capabilities are based on deployed troops, tanks,

and artillery. Eustainabi 1 i ty is thought of as the continued

abi 1 i ty of a force to fight through maintenance of in the event

its suppl/ 1 ine.

The Army must plan the deployment of its trocps in such a

1-2



wy iS to ban Pc comb at potent ial wi th su-tinabi Ii t

Current] ,, scenarto war plans are developed by operation-

anl a . t-, w h, deterrmine what -,rces thev beLI i eve ar-e r equ ired and

L h at da te the + or ces are needed for a given scenar i o.

Lcor ft; an- I tne n calcul ate required s-.uppl e; to support the

tr-e, u n tabulated dat . Given this data, the trancportation

C.ti ze- attempt tc moe the required -force packages_ b the

required dates. I-f th is is deemed impossible, the -force planners

ei ther e <tend the required due dates or r-educe the planned Force.

The implementation o this process is a result o+ Under

aetr Y cf+ Defense Chae. ' report requiring between 5O and 15

C-5A equvalentE in atri i t to meet urqent national secur i tp

nee -. -:2U) Limited ai rl ift assets prevent the trmy frcm

rrin,,, nq a] 1 cargo and troops required at a single time to respond

to a m.k or threat. There+ore, decision makers must be able to 

eA uate, t each point in time, how best to us=e the forces and

rF E.u r :e ) II -lab] . Tb: a cu Id be done by incorporating into

the proce_ the reduction of air] i- t resources caused b', each

.:r - un i "stA 1 " , the l g i -t i cal r equirements o1t the -force.

tc, u h -hi i a cri tical cons- deration for U.S. planners.

rea- r c to date ha-. addresed the problem onl peripherally.

The U.. Himr, -War Cll 1 1 eie 1 9 3q ]s o-f "strateqic issues.. .most

a ''ant n and ur. n -for the rm x t st ud'" spec i- cal ly

r -it I ti i. ue or sua=.tai na bi 1 i ty and mobi 1 i tx a- an

v a r- F r re z. C ol. ['aleY, Chief o+ the War Col le e

" tar firer 31 1or,; ard F anni ng Group; LTC. Murphx, iir Force

I r > t tre [,_c trre - an, For ce i ==_ues Group ot the War Ccl leqe P

I-I 1 t r tF ,0 dtJAF tment ; and Mr. J.E. Tr innamen, head ot

I I3

" -- - " I ' " " I- I i d I '-- 0 ' ; ,m -- -- ' , - tP



There are model 1 imi tat ons and time re.quiremenJ tt t are

important when using tPIDIEM. All significant 1 imi tations in

the model are computer dependent; therefore, given a computer

with enough core, limitations are reduced to nil. The time

con i derati on will be discussed now. After requir ng

apprc.yimatel. two weeks to acquire the data base, another one

week to t... man-months are necessary to structure the data Into

the proper format. The computer time is about 1 minute per model

cycle and the model require-; four hours to twxo man-days to

ans xze and evaluate the output.

J. EELE2JEB LUE

FEEIVEE NE was developed and is used by HI USAFi/SAGh five

times a week. This model analy/zes the problem of "airf ield

saturatior dur-ing force deplo/ment " Each aircraft in the model

is considered from the approach to landing unti l the takeoff

de ar ture. Included also in the model are the possible effects

of weather, interdiction, and air base losses. There are

az. ca! / three input parameters for RECEIVER ONE.

I. Ease characteristic-., such as parking space and
amount o material handling equipment (MHE)

2. Aircraft characteristics, such as aircraft
p ayl, oad

3. Average enpected arrivals o each type aircraft
at each destination APOD (may change daily).

74, iutput iriormat i on is as fol f is:

1. Ccmputer printouts on utilization of APOD
facil itie

. ueue i ng del ay at var ious stages of base

process ing
3. Aircraft elapsed times
4. Tons delivered
5. Tons di ver ted from the pi mar/ AFO.

The model cn e<amirne up to se,'en d fierent RO "s and twenty

11 i



level of deployment activities, and basing and readiness levels

at re-sources. "  < ::._:!

There are lmitat ions to this model and time requirements _

that must also be considered. Some limitations are that the

vehicles are fractionalized and all ewnts in the model are

deterministic. Also, the cargo requirement integrity is not S

-a in tain ed in the model. This model requires- tc,, o jeekE to

acquire the data base, and one week to two man-months to

structure the data into the proper format, about 40 minutes to an

hour of CPU time is required, and four hours to two man-days are

necessary to analyze and evaluate the results.

I. E-a.pid inanahaa~an Daplzma £±:muIa±.n tRAPEiSME2

RAPIDItM is used by the JCS (J-4) appro.imately 260 times a

x.-ar and was developed by the General Research Corporation. This

model simulates the rapid deployment of combat units along with

the resupply of these units for a mil i tary contingency operation.

Ex using thi s model the minimum time to del iver the uni ts to

these destinaton= via the air or the sea is determined.

[Different priorities can be assigned to the units and supplies.

The model is deterministic in nature. The input parameters a-f

the model are as follows:

A. Available number ati aircr a-ft by class
2. Available number of ships by class

3. AFOEs, convoy route, and APODs.
4. Transportation modes
5. Time periods for initial ship availability

6. Commodities and units
7. Attrition rate o-f vehicles (13:520..

As a result a-f this input, a detailed log of movements and

numercJs summar/ report;= are produced.

2-9



3. Specified locations are aggreQated into nota-

tionaI locations
4. Aircrew resource s are not addressed
5. Tanker aircraft are assumed available by the

mode l . ( 334 23)

This model requires only three man-hours to structure the input

format. Then after about 30 minutes of CPU time per 90-day war

scenario, 6 man-hours are necessary to analyze and evaluate the

resul ts.

H. BOSIURE Sa;I±am

POSTURE is used by the JCS (J-4) approximately five times a

year and was developed by the General Research Corporation. This

model determines "the strategic mobility resources required for

contincenc situations and assesses the delivery capability of a

g iven set of resources." The model accomplishes this. by

discovering the least-cost system to meet the stated

requirements. Further, the model can determine the maximum

deployment capability of a given set of mobility resources. In

order to accompl ish this, linear programming is utilized. The

model utilizes land, air and sea mobility resources. The input

parameters are as follows:

1. Origin/destination sets for force transfers
2. List resources
s. Cost parameters for the resources
4. Time-phased requirements by contingency and

unit type
5. Vehicle characteristics, speed, payload
6. Allowable routes and route distances
7. Operational delay assumptions

8. Attrition factors (if used)
5'. Convoy limits by theater and time period

10. Resource availability
11. Cargo characteristics.

The result of this input is a "10-year system cost, fleet sizes,

2-8



G. tliERO Mcdal 12

The MACRO Model 12 is used by MAC Headquarters and was

developed by the MACRO Task Force. The model measures "the total

delivery performance of the MAC system reflecting the effects of

aircraft queueing." Other effects that are considered are:

station denial, air refueling, alternate routing, various fleet

mixes, and limited ground support. The model is stochastic in

nature and uses Q-GERT simulation language as the primary

solution technique. The input requirements are divided into four

different areas as follows:

1. Applied aircraft (number and type)

2. Initial aircraft availability schedule
3. Cargo requirements (from-to by cargo class)
4. Current configuration of wartime scenario (if

different from the present configuration).

From thi. input the model gives the following output:

1. Flying hour requirements
2. Aircraft UTE rates

3. Route usage by leg segment
4. Aircraft waiting times.
5. Movement closure time

. Closure by cargo class and aircraft type

7 Delivery rate by cargo class
S. Location work load
9. Number of aircraft queueing by location

IC'. Aircraft handling requirements

11. Ground time histograms
12. System onload,"offload history
13 Periodic reports reflecting aircraft and cargo p

status by location or various time intervals
14. Standard 0-GERT output including trace options

15. [esiqned user-specified output as desired. (33:423)

There are model limitations and time requirements that must S

be considered in using the MACRO-12 model . There are five major

1 im tations to the model as follows:

1. All cargo is measured in terms of aircraft
I oads

2. The routinQ algorithm is completely probabilistic

C _-7



F. LLJaniz; atnlil~f Lapbil±4Z Esttma~tnr LM~LEI

The Military, Airlift Capability Estimator (MACE) is used by

the JCS (J-4) and was developed by MAC. The model assists the

transportation planner to quickly estimate the force closure

times for the airlift of large-scale troop and cargo movements.

The model is used about 75 times a year. The input parameters

are three-fold; force definitions, aircraft ground time, and

different requirements such as the distance between the APOD and

Aerial Port of Embarkation (APOE). As a result of this input,

the fol lowing output is given:

1. Schedule of the daily movement capability of
4 the aircraft employed

2. Closure times at the destination of the force
being moved
Individual requirement .racers

4. Aircraft mission trace?
5. Aircraft utilization summaries
6 . Requirement closure summaries. (33:412)

There are limitations and time requirement problems that are

asscciated with the use of the MACE model. The first of the

three limitation= is that airlift is the only mode of

transportation considered. Second, "aircraft can be

prepositioned for the first acquirement only," after this, the

aircraft are just positioned where needed. Third, the "time-

phased processing of requirements" is not considered. Also,

there are several time factors to be considered. After acquiring

the data base whicl' takes I man-month, 1-1/2 man-weeks are

required to structure the data into the model input format.

Then, after approximately 30 minutes of CPU time, 1-1/2 man-weeks

are needed to analyze and ev.aluate the results. (33::412) p

2-6
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has three basic input parameters to the model.

1 . Sorties required to move a given unit by

different aircraft types

2. The number and Util ization (UTE) rate of each

type of aircraft
3. The flight time for a round trip.

As a result of this input, the model gives the transportation

completion times of the different cargo types and of the entire

project. The model can utilize a maximum of six different

aircraft types, only three of which can be capable of handling

outsize cargo. (33:229)

E. t-JrA £nioi._ 2A-1

Model 14 was developed and i- used by HO MAC/XPSR about once

a month. The model identifies and helps resolve the "strategic

aircraft chokepoints at the airbase level during wartime surge

situations." The model is a computer simulation of the MAC

s/s tem involving four types of aircraft and 422 airbases. The

aircraft are heuristically "routed to use idle resources and to

avoid f ac 1 i ity and personnel saturation." There are two main

input parameters.

1. Station data, e.g., location, resources ,
climatology

2. Aircraft operating envelopes as movement
requirements and policies.

The output generated is the raw form of "mi ssion it ineraries,

requirement histories, GASP statistics, queueing files, and other

simulation information." From the examination of th is output

many different types of studies can be performed. This model

requires approximately two man-weeks to acquire the data base and

to sequence the data into the proper format. Finally, one man-

week is required to analyze the data. (33:412)

2-5
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analysis time are variable with the size of the problem.

C. Ai t!cu-man± El Eanang Stwem £-RS2

The Air Movement Planning System (AMPS) is used and was

developed by the US Army Logistic Center. This model optimizes a

given load plan to determine its feasibility. It is accomplished

by planning, diagramming and manifesting individual "aircraft

loads of equipment and personnel for movement on C-5, C-141, and

C-130 aircraft." (33:43) To optimize the load plan, specific

characteri stic, balance and safety constraints are considered.

There are two input parameters into the model, the cargo and

aircraft list. The output is a schematic of the load plan and a

manifest of the cargo and passengers.

There are limitations and time requirements that are

associated with the AMPS model. The first limitation is that the

carqo is. considered as cubes with a certain weight and center of

gravity, rather than as a specific piece of cargo. As a result

of this limitation, such characteristics as axle location and

vehicle overhang are not considered. The second limitation is

that the "vehicle tie-down space is. determined on the worst case

basis rather than specifics." (33:43) When considering the time

requirements for this model, one man-month is required to prepare

the data base for the input parameters. Further, once the input

is made, one hour of CPU time is needed to determine the output.

D. DEUL2EE

The DELIVER model was developed and is used by HO USAF/SAGM

about 250 times a month. The model estimates "the time to

del iver a given military force by airlift [by providing]

computerized analysis of sortie output from the ALM." The model
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aircraft." This model is further used not only to evaluate

current and future aircraft designs but also to determine the

effect of changes in mil i tary vehicles. The model "determines

the number of sorties required to load a military force of any

size." The input parameters are in the form of three input

files: vehicle characteristics, unit description, and an overall

input file. These files are further described as follows:

1. Vehicle characteristics are dimensions and
we i gh t.

2. Unit descriptions include the number of
personnel, weight of unit equipment, and the
number of each type of vehicle.

3. The overall input file includes aircraft
descriptions, unit accompanying supply
formulae, aircraft loading sequences,
selections of units, and input and output

opt ions.

The output of this model can give a multitude of information,

includinQ individual loads and "distribution of loads by weight

and aircraft type." Furthermore, the loadabil ity of vehicles is

given along with "unit and overall summaries of payload and

sortie statistics."(33:37)

The ALM is very versatile as it can use a multitude of

different input parameters. The model is limited to considering

10 different aircraft types, 999 vehicle types, and 1,000 units.

Each aircraft cargo compartment can be divided into ten different

sections, and "up to ten groups of vehicles can be limited or

excluded from an aircraft."(33:37) Furthermore, one type of

special load can be forced into any aircraft per load.

The time requirements to use the ALM are variable. The CPU

time to run the model on a Mechanized Brigade requires

approximately 45 seconds. Both the preparation and the output

0 -



As a result of this input, the model gives a "statement of

Ioadings of each aircraft by chalk number, consisting of a

detailed listing of each 'loaded' aircraft." Also, a summary is

given that yields the following specific output:

1. Number of sorties required
2. Cargo and passengers not loaded (i.e. those

things that are too large, too heavy, or
passengers for whom there are no seats on
the aircraft)

3. Number, weight, and floor space of vehicles and
bulk cargo loaded

4. Number of passengers loaded
5. Total fleet weight, floor space, and passenger

seats that were available for loading. (33:29)

There are two major limitations to this model. First, the

"sortie generation" technique does not necessarily give the

optimal loading plan. As a result, the number of sorties

required for the mission is not necessarily a minimum estimate.

Second, the possibility of using a mixed type of fleet is not

available as only one type of aircraft is considered.

When using this model there are a few time requirements to

be considered. Approximately one month is required to acquire

the data base for the input. Once the data base is finished,

very little, if any, work must be done to format the data base

for the input. Once inputted, approximately 10 minutes of CPU

time per model is required to compute the output. Finally, it

takes one man-day to analyze and evaluate the output.

B. Ain- caLf± Loazdin Mndei. -CAI£.

The Aircraft Loading Model (ALM) is used and was developed

by USAF/SAGM. Furthermore, the model is used about 100 times per

month. The purpose of the model is to "provide computerized

analysis of the loadability of military vehicles on airlift

2-2



I I . LL,±aAttt E-SW,2

This chapter will review the different strategic deployment

models that are presently being used in the military. Several

models will be discussed, but the central theme is the movement

of personnel and cargo via airlift. The user and the developer

of the model will be discussed first, followed by the purpose and

description of the model . Then the input parameters will be

examined along with the output statements. Finally, the model

limitations and time requirements of the model will be

considered.

ri. &irc-znfa Lnadadz Unl

The Aircraft Loader Model is used by the JCS (J-4) and was

developed by the Institute of Defense Analysis (DIA). The

purpose of the model is to estimate "the number of airlift

aircraft required to perform a stated transport mission." To

accomplish this purpose, the model simulates loading the

aircraft. Further, this model can be used to plan operations,

compare aircraft sorties required for- different aircraft types,

and study alternative loading configurations. Numerical analysis

is used to solve the mathematics of the model. This model is

used approximately ten times per year. Some of the input

parameters of the model are as follcws:

1. Weight allowable cabin load (WACL) for the

aircraft type and range of operation
2. Dimensions of the cargo compartment
3. Number of passenger seats available

4. Allowable stacking height for the bulk cargo
5. A complete vehicle and bulk cargo list with

their dimensions
6. The number of passengers. and the i r total

we i gh t.
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model . In each model the input and output parameters will be

examined. Finally, prevailing assumptions and approaches of the

different models will be addressed.

Chapter III will present the mathematical formulation of the

model utilizing the work of Capt Cooke as much as possible. This

will include the formulation of the goals and constraints.

Chapter IV will review goal programming and present a

description of the assignment algorithm, PAGP.

Chapter V will present some characteristics of DEPLOY. This

will include model restrictions, scenario limitations, and input

requirements. Chapter VI will provide both a verification and

a demonstration of DEPLOY.

Chapter VII will present a summary of the modeling process,

a description of the uses of DEPLOY, and a discussion of the

potential improvements of the model.
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variance from them is allowable but undesirable, are the

fo lowing:

1. Keep a certain fixed or minimum ratio between combat and

combat support units.

2. Keep unit sustainability, as reflected by percentage of

I required supplies delivered, at a fixed level.

:. Maximize the anti-tank strength, defensive frontage or

combat power of the deployed force.

4. Maximize utilization of the Air Force airlift assets, in

tonnage and allowable cubage.

5. There is a limit on the number of each type of aircraft

available.

Constraints which are absolute are the following:

1. Outsize cargo will fit only outsize capable aircraft.

Oversize cargo will fit on outsize aircraft or on oversize

capable aircraft. Bulk cargo will fit on all cargo-carrying

aircraft.

2. A deployed unit consumes supplies at a fixed rate over

the entire period of analysis.

3. All aircraft types are capable of landing at the Aerial

6 Port of Debarkation (APOD).

4. Unit sustainability has a floor. United States National

Command Authority will not build up force strength at the expense

of letting troops already deployed run out of ammunition or food.

5. Supplies delivered to the APOD must be trucked or

airlifted to the combat forces at the front.

Eonma± S~tuc.±u

Chapter II will review many of the currently used deployment
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address onl/ air-deployed and air-supported units. The close

presence, in a crisis, of logistics ships or Marine Amphibious

units is fortuitous, but cannot be relied upon with worldwide

commitments.

2. Once deployed into the theater, the standard supply

consumption rates will be used.

3. This study will incorporate any type of military or

Civilian Reserve Air Fleet (CRAF) aircraft to move tENTCOM

Ias.se t s.

4. Sustainabil i ty will be kept as a constant measure across

the entire deployed force. That is, all forces, if unsupplied,

would run out of all suppl ie-s at the same time. This is assumed

as a logical result of proper logistical planning, as it would

not be acc-eptable, in combat, to run out of ammunition but to

Chave ten days of food available.

5. The input data file may either already exist, be created

interactively, or be changed interactively and saved if necessary

for later u-e.

The overall objective of this study is to develop DEPLOY, a

user-friendly computer program to maximize combat power delivered

to a theater as a function of time without diminishing a certain

sustainabil ity of the forces already deployed. This problem is

broken into two subordinate and equallly important goals: maximize

the combat power delivered, and minimize the delivery time.

The.-e goals are optimized only after certain constraints are

satisfied. Constraints which can be expressed as goals, because

6 1-5



Mediterranean Studies for the Strategic Studies Institute, have

all separately proposed that immediate research be conducted on

this topic. (7,18-26)

Emblem £~_±asmen±t

The methodology demonstrated by Capt Cooke exists in

mathematical form, and is therefore not immediately helpful to

the user. There is no interactive user-friendly computer program

that performs the kind of analysis demonstrated by Capt Cooke.

The primary objective of this research effort is to develop

an interactive user-friendly computer program to optimize combat

power delivered to a theater during a specified time, within

acceptable levels of force sustainabi lity. The methodology

demonstrated by Capt Cooke will be examined concerning its

completeness and extended from its mathematical form to an

interactive computer program. This program will be composed of

t-wo p-arts, the construction of constraints and the allocation of

deployed units with aircraft. The information necessary to build

the goals and constraints will be input in such a way that the

user can easily change parameters and goals as desired. The

allocation routine, PAGP, will minimize the deviations from the

user-defined goal s. Here, the objective measure of meri t

simultaneously incorporates unit weights, requirements, combat

power attributes, and in-theater constraints to find the global

optimal solution.

ReseaJrh Sr npk

1. IJith the emphasi. or, rapid deployment, this study will
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different aircraft types. In order to create a senerio, eight to

ten man-hours are needed, while only one hour is needed for

moderate crianges in the seneric. Once the model is complete,

or! cne to two hours is needed to analyze the output. (33:555)

K. S-muta±in izon Ianspzn±attn Anal'sic and Elanning SII2

The SITAP model is used by the JCS (J-4) about 50 times a

y 'tar and was developed by the Computer Sciences Corporation

(CSC.:. This model analyzes a wide spectrum of transportation

4 vehi:les and use-s a ne twork system to complete the anal y- is. The

"different movement demands, vehicles, and defined network are

con t rolled cn the analyst." The input parameters are a5 follows:

1. The network desi7n
2. Yehicle characteristics arid movement
S. .Cargo description and quantities.

As a resul t of this input the following output i- given:

1. Mean re-sponse times between cargo order ino anl

del i very
2. Cargo and vehicle throughput
3. Resource, manpower, and facility utilization
4. Vehicle waiting times, service times, and idle

times for each vehicle type node.

All the limitations of the model are directly related to the size

of the c.mpu ter. In order to adequatei/ use the mcdel, one to

two man-weeks are required to acquire the data base, after wh ch
I

another man-week is needed to format the data. Afte- the

computer run is made, which may takes between 10 minutes to 1O

mi nutes of CPUl t ime, one hour to two days are nece-sa r t

analyze and evaluate the resul ts. (33:627)
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The TRANSMO Model was developed and is used by the US Army

Concepts Analysis Agency. The purpose of the model "is to

determine the arrival time of US forces in overseas theaters of

operation." (33:769) This is accompl ished by schedul ing the

deployment of forces with specified transportation vehicles. The

input is divided into three types of characteristics: force, lift

vehicle, and general. The force chAracteristics include troop

strengths, weights, origin, destination, resupply, consumption

and cargo type. The lift characteristics are the speed, load and

unload times, and capacity for each type of cargo. Finally, the

general characteristics involved are port restrictions, distances

between ports, and attrition factors. The output of the model

provides a detailed summary of the deployment schedule. To

utii ze TRANSMO, one week is needed to acquire the data base and

two man-weeks to transform the data into the proper input format.

Then after about 15 minutes of CPU time, one man-week is

necessary to analyze and evaluate the output.

In this chapter the different strategic deployment models

have been reviewed. Though many models exi-t concerning the

deployment of forces, none meet the objective of this research

project. This is so for many reasons. First, the models are

response oriented, as the specific units and the order of their

deplo/ment is determined previously. Second, the models do not

address the problem of transhipping the suppl ies to the combat

units forward of the APOD.(5:22). Third, the port capability of

the ARO in receiving the intertheater shipments is not examined.

2-12
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Fin al l, none of the models use goal programming to optimize the

amount of delivered combat power. Therefore, none of the exist-

ing deployment models adequately addresses the objective of this

project.

I

I"
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IIT I. Ujdal DaszalgMan±
In this chapter the mathematical expressions of the goals

and constraints used in the model will be developed. These goals

and constraints are taken from the thesis of Capt. Cooke and are

adjusted to the form used in the computer program. Any

differences between the two will be discussed in full detail.

Frior to developing the goals and constraints, the variables,

multipliers and subscripts will be defined. Next, the goals

followed by the constraints will be derived. Following each

constraint will be the number of that type constraint necessary

for the model. Finally, a summary which will contain all the

goals and constraints in their mathematical expression will be

g i ven.

Qar__abieP 2,aramPiPra

The definition of the parameters will be discussed prior to

the presentation of the model that was developed by Capt. Cooke.

(4:4S,-76) The variables are defined as follows:

Variables used:

X(i,j,k,l): the number of delivered aircraft loads.

[AC/PERI OD]

P(k,l): slack and surplus variables used in the equality

constraints.

U(y,m,l) the number of units deployed. [UNITS/PERIOD]

SI: the amount of supplies transshipped in period 1 from the

APOD to the front. [TONS/PERIOD]

Subscripts used:

a: the APOD.

3-i
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: a specific type of aircraft, range is from 1 to I. The

aircraft are identified by the user.

j: a specific type of mission, range is from I to J. In

this model the missions are divided into four areas as

follows: I = direct delivery, 2 = APOD delivery, 3 =

intratheater delivery, and 4 = airborne delivery.

k: a specific type of cargo, range is from I to K. Here,

the cargo is divided into five categories as follows:

l=outsize, 2=oversize, 3=ulk, 4=passengers only, and

5-suppl ies (considered to be bulk size cargo).

1: a specific period, range is from I to L.

m: the mode of delivery, range is from I to M. Here, the

mode is divided into three methods as follows:

1=del ivery to the front, 2=del ivery via the APOD and

remain at the APOrt or move to the front on their own,

and 3=del ivery to the APOD and move to the front via

intratheater airlift.

x: a specific type of unit, range is from 1 to Y. The units

are identified by the user. The first Y' are all those

units deployed at the front.

Multipliers used:

AE(y): the airborne capability indicator for unit type y.

The value is either 0 or 1.

AT(h ): the anti-tank capability of type y unit expressed in

equivalent TOEs.

AVAIL(i): the availability of type i aircraft.

CI(y): the Combat Indicator: 1 if a combat unit, -1 if a

combat support unit, and 0 if neither a combat or combat

3-2
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support unit.

CPI(l): the combat power index for arriving at the front in

period 1.

DAPDFT: the distance between the APOD and the front. [KM)

DUSAPD: the distance between the US and the APOD. [KM]

DUSFRT: the distance between the US and the front. CKM)

EAS(i ,k): the standardizing factor for the MHE required to

unload aircraft type i with type k cargo.

FLT(y): the front line trace capability of type y unit. EKM)

FP(y): the firepower. capability of type y unit.

GAT(l): the desired goal for anti-tank power by period 1.

(TOE]

GFLT(l): the desired goal for front line trace by period 1.

[ KM)

GFP(l): the desired goal for combat power by period I.

GT(i): the ground time for type i aircraft to offload,

upload, and/or refuel . [HOUFS/AC)

Ha: the material handling equipment capacity in pallet

equivalent-. existing at the APOD prior to the

deployment. [PALLETS/DAY]

Hf: the same as. Ha, but for the front. EPALLETS/DAY)

INTER(i): the number of days required between intertheater

missions. [DAYS]

INTRA(i) : the number of days required between intratheater

m issions. [DAYS)

KARG( i,k): the cargo capacity of type i aircraft with type k

cargo. [TONSAC)

3 -3



MHE(i): the pallet capacity of type i aircraft. [PALLETS)

My: the movement time required by a unit to go from the APOD

(1 to the front by ground transportation, rounded to the

nearest integer. [PERIODS]

L: the number of periods considered in the model.

NPAL: the number of Pallet Equivalents (PE) that an ALCE

unit can manage in one day.[PALLETS/DAY]

NPRK(i): the number of type i aircraft that can park on the

ramp of the APOD. [AC]

NPK(y): the number of type y unit fighter aircraft that can

park on the ramp of the APOD. [AC)

* NTAC(y): the number of fighter aircraft assigned to type y

unit. [AC/UNIT]

NUM(i): the number of type i aircraft in the inventory. [AC)

PL: the number of days in one period. [DAYS/PERIOD)

RC: the number of pallets the Army Riggers can prepare per

day. [PALLETS/DAY]

SPD(i): the no-wind cruise speed of type i aircraft. [KM/HR]

TON(y,k): the amount of tonnage to move for type y unit of

type k cargo. [TONS/UNIT)

* TON(y,5): the supply consumption rate of type y unit.

[TONS/UNIT/DAY]

TRP(y): the ton-mileage capability for the transportation of

* supp i es to the iront for type y un it.

[TON*M I LES/UN IT/DAY)

TVL(y): the amount of distance that type y unit can move in

0 one day. [KM/DAY)

UNIT(/): the number of type y units available. [UNITS]
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UTE(i,j): the utilization rate for type i aircraft on a type

j mission. [HRS/DY)

All combat attributes are not "mutually reinforcing", as

some attributes are very effective in one area, but ineffective

in other area;-. If the attributes were "mutually reinforcing",

then the objective could be met by simply deploying as much of

the combat attributes as possible without regard to the type of

units deployed. This is not the case, therefore decisions need

to be made to balance the different units deployed. An aircraft

squadron is a qood example. Here, the aircraft are very

effective at interdiction, but ineffective at maintaining

terrain. The objective of this program is to meet the

"requirements or specified goals" of the decision maker, and then

to "maximize specific force attributes." Goal programming

ac crr, p Ii shes this objective effectively, and is therefore

ut ized to meet the goals and force attributes.

The goals chosen to represent combat power are anti-tank

4T) capabi 1 i ty, defensive frontage (front 1 ine trace or FLT),

and firepower. (FP). The first two goals do not depend upon time,

while the last goal does depend upon time. The time-dependent

variable implements a concept described in the 1581 Congres-

sionally Mandated Mobility Studyl. (27:30) This concept proves

th.at a small force dal ive-ed in the right place can be up to six

times more effective than the same size force de; ivered at a

later time. The time-independent goals will be discussed

first, fcllcwed t, the time-dependent goal. (5:50-6)



Included in the time-independent goals are the anti-tank

(AT) and defensive frontage (FLT) goals. Since the anti-tank (AT)

goals are independent of time, the amount of combat power each

uni t contributes is related only to the type of unit and the

number of units deployed. Therefore, given the multiplier AT,'x),

which represents the amount of anti-tank potential a specific

unit exhibits, the following expression represents the tote l

anti-tank potential at time period 1', assuming no attrition of

units, for a given mode of transportation:

Y 3 1"
2 Z Z AT(y) * U(y,m,l)

y=1 m=1 1=1

Thr expression would be accurate if the units are delivered to

the front and are available to act in combat upon arrival. Not

all deliveries are made to the front by direct delivery, though.

For unifts that arrive at the APOD, there are two means by which

they can be delivered to the front. The first way is through

self-del ivery (m=2). That is, each unit has. the capability to

mc:ue itself by means that are organic to the unit. The second •

1,4a for a unit to arrive to the front i through intratheater

airlift (m=3). Each of these means will be discussed separately.

Self-del ivery to the front (m=2) is the ability of a unit

to move itself from one point to another point without the

a ssst3nce of another unit. When considering this mode of

tra'4,el, the time-distance relationship must be considered before

the unit can be considered "closed to the combat area." This

concept, "closed to the combat area," means that the unit is

available to the ground commander to enqaqe in action as. needed. 5

Therefore, all units del iered to the APOD are no t considered as
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czntributing to the anti-tank< potential until the unit has

closed To consider this si tuation, "M/" is defined as the

closest integer of the distance from the APOD to the front

( DAPDFT) divided by the distance the particular unit can travel

in one day (T'L(y/)) times the period length (PL) considered.

My= NINT [DAPDFT / (TYL(y) * PL)J

[di st ]/{[di s.t/day]*[ day/s/per iod] )=per iods

The function NINT calculates the closest integer of the

e.prezsion. Therefore, concerning self-delivery to the front

from the APOD, the left-hand side (LHS) of the constraint is as

fo ll1ows:

Y' I '-My
r 7- AT(y) * U(y,2,l)

y=1 1=1

Intratheater airlift (m=3) is the airlift within a

particular theater of operations. The time-distance relationship

= not considered because the flying time from the APOD to the

frcnt is assumed to be short with respect to the length of time

per period. Therefore, given that troops and equipment are

ki I-able at the APOD, the following expression Qives the LHS of

the constraint:

Y I

>- Z AT(y) * U(y,3, )
y1i 1=1

Finally, some units at the AFOC, may possess anti-tank

potential and must be considered. A fighter squadron at the APOD

I = an example of such a unit. Units assigned to the APOD are

a-umed to be shipped only to the APOD. That is, a unit destined

for the AFO' would not be shipped to the front either by direct
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or airbcorne delivery and then require transportation to the APOD.

As a result of this, the time distance relationship between the

APOD and the front is not considered. Therefore, the following

expression ccnsjders unit- at the AFC0D that contribute to the

total anti-tank power deployed:

Z Z ATz'> ' U(y,2,l)

When all of these left hand sides are summed, the res:lt is

the total amount of anti-tank power deployed by time period 1'.

Therefore, given the fact that GAT(l') is the amount of anti-tank

power 'esired by period 1 , the following is. the mathematical

expression of the goal:

Y" I Y-" 1 ,-My
, _ -_ AT',y) * U(y,m,1) + Z 7 AT(y) * U(,,2,1)

y=1 1=1 m=1,3 y=1 1=1

Y I"
+ T2 E AT(y) * U(y,2,l) >= GAT(I')

y=Y" + I 1=1

In the aboue expression, direct delivery (m=l) and intratheiter

delivery (m=3) are expressed in the first term. The second

summation includes front units del ivered to the AFOD and able to

move to the front independently. Finally, the third summation

includes the units assigned to the APOD. (5:53)

The defensive frontage (FLT) goal is developed in the same

fashion as the anti-tank (AT) goal. The multiplier FTL(y) i-S

used to represent the amount of defensive frontage a specific

unit contributes to the goal. Therefore, the expression
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representing the desired amount of defensive frontage (FLT) by

period 1' is as follows:

Y' 1 Y' I'-My

£ r Z7 FLT(y) * U(y,m,l) + "z- FLT(y) * U(y,2,1)

y=l 1=1 m=1,3 y=1 1=1

Y 1l

+ - L- FLT(x) * U('×,2,1) >= GFLT(I')

yY "+1 1=1

The third goal to be discussed is firepower. The only

difference between this goal and the previousl/ mentioned goals

is that the firepower goal is time-dependent. This means that

the worth of the same amount of firepower will change over time.

If, though, the time-dependent portion of the goal is represented

by a multiplier, then firepower would be similar to the other

goals with the exception of the time-dependent multiplier. This

time-dependent multiplier is defined as the combat power index

CPI(l), and is dependent upon the period that the unit is "closed 0

on the combat arena." The term FP(y) is the amount of firepower

a specific uni t con tributes to the overal 1 goal . Therefore, the

expression for the desired amount of firepower by period 1' is as

f o 1 1 otS:

'C' 1'
Z 2 S CPI(l) * FP(y) * U(y,m,l)

Y=1 1=I m=1,3

Y" 1 '-My;

+ L7 1: CFI(I+My) * FP(y) * U(y,2,I)

Y 1 1

+ ,_ £ CFI F ) * FP(y) * U(x,2,1) >= GFP(l')
>,=Y'+I l11

Cooke does not adjust the time-dependent index to reflect the

transoortation delay from the APOD to the front. An adjustment U

J -made here though because the index should reflect when the
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un it i avai Iable for combat, not when it arr yes at the APO[.

(5:55)

The three types of goals used to measure combat power are

ant ;-tank, defensive frontage, and firepower capability. The

fir st t..,wo goals are not dependent upon time, whl Ie the third goal

i-. time-dependent. All three goals were derived and are similar

with the exception of the firepower goal. This qoal was modified

to include an a'd,-i tional mul tipl ier to represent the time-

dependent pcor t on of- the goal . Next, the factor s which constr ain

the attainment of these gicaQ = B will be examined in detail.

Ezu.. , r z_2 C.-.' r~ t a -±

The different set. of constraints that limit the attainment

c the different .a s wil I be examined. Some of these

c:ntrairt, may later be discussed as goals, but will pre.entl/

be cia3s ffied a i. constraints. These constraints involve both

a Irc r at a r, d u n t = T e p ar a t e I a n d j i n t I . A c orrp e t e

de .c1 pt:on and de';elopment i 5 exam ined independentI' for eac-h of+

the fol I Ct,) nq con tr : aints.

LUzzaf± Lu _u.t --nn-: The l imi tation of aircraft is divided

Int- t,. sets_ of constraints, aircraft availabili t and average

ut, I zaticn rate;. The first conatraint set will deal with the

number of m Is .ions possible from the number of a ircraft in the

4,1 F,-r ce n ven tory and their respec t i,.e avai labil i ti to

p ar c p -t te ir the deployment. Then the second cc.nstraint set

C,,.,es the number of missions anticipated given the expected

nurmbe r C: hour - er da- the air-r aft wi ll be avai Iable to, fly

mi ; I on s.
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I. The {r-'-t constraint set will reflect the number of

aircraf ts-orte- dependent upon the number of aircraft a IvaIlable

and their availability rates. An important factor here is the

portion of a da' that isa required between like mision-. Becau.-e

most of the intertheater mis-.ions would require more than one

day, but I es=- than two: days for a round trip, there i- some

overflow from the pre-).ious day. Therefore, the fol lowi n

e:<pre -i on c:-at i fac tori 1 :I e::pl ains the number of sort ies

avai lable for a deploymen t:

2,4 K
Inter * X - .Ki ,-,k,1

K
+ Ir t.aK7 * 2 X I ,3,k,l 'S = NLIM i * AVAIL(i) * PL

Psi

Ther e is. no over f Ion., cons.i.dered be tTween per iods. Cooke considers

the overflow between periods. in his model because his period is

equal t-_, ore da,. The per iod lenoth in DEPLO i s . i in i f i cantl × 

I ar,-.Pr th.a-r, the In ter i) term so rel ism i S ma intained b-- not

c :n aider in,; n ,e I- , , between per-iodsc.. There i=. one cons=.traint

per aircraft type per period, or a total o! (I*L).

2. Th a ac of -n=tr-ai nt=- c-on_.iders- the number of air-craft

t- e i- n re ation-.hip to the expected utilization (UTE) rate.

Thle UTE r-te I cmrronl used t- define airlI ft capabilit "

11:7), and i- the "fleet,.,jide averagqe flyi ng hour.s per day per

a r,-r _ t." The ;'r e 1 nu ber c, sor t i e_ the fIeet of a

part ,'i a ts c . r-r aft can be e::oeected to f - i n a per iod is

: , J- -
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I Fl

SKA.ROK i ,- * x 4,5,1) (5, 1-1) + P(5, ) = RC * FL
1=1 k=1

There is one constraint per per iod, or L constrairts.

s9ummar

In this chapter! the mathematical expressions for the goals

and constraint3 that are used in the model have been derived.

The major i tx of the expressiors were taken from the thesis of

Capt Cooke with only a few minor changes. In addition, the

variables, subscripts, multipliers and other terms used in the

model were defined. Finally, a summary of the constraints is

gqen wi th the total number of constra ints that are in the model:

Foals-T;me Independent

Ant i -tancr

I ' II .' 1, -M>,
.7 Azy * yU(,m,1 + A 1 AT(y) * U( ,2,1)

y.=1 1=1 m=1 ,3 y=1 I=1

Y l'
+ A y>) U 1 G,2,!) >T

Y="f + ! 1=1

One for each goal.

Front Line Trace

1" Y" , '-MI
2- - - FLT(/) * U(-y,m,l ) + > > FLTQy) * U(Y,2,1)

Y=1 1=1 M1 ' y=1 I=1

+ t 2 FLT /) * U(y,2,1. >= GFLT(I)

>F +f 
r a h o

On3 fr2 ac gal



support unit. This term adds one constraint to the problem.

A common example of a unit 1 inkage floor is the

relationship between combat units and combat service support

uni ts, such as headquarters EHQ] uni ts." One way to express at

least a 1 to 5 ratio of HQ's units to battalion units is:

cmbt - 'HQ <= 0.

A problem with this is that, in the initial deployment, a HO unit

mu-.t precede the combat battal ion. This is clear I1 rot desired

in the model or reality. A better- expression is,

cmbt - 3HQ <= 2.

Here twao combat units could deplo).y be-fore a HO unit is required.

Furthermore, one HQ uni t could handle a maXimum of five

battal ions, and two HO units could maintain up to eight

batta ion--. This expression conforms more accurately to the

present doctrine and practice. As a result, this expression

would add one constraint for each 1 inkage between combat un i t-

an, other t/pe of units." (5:72)

JrlLt itjLb l22 : Un i t abili ties i s the l as t S e t of

cr,-.tra int to be examined. Here the airdrop capabil ity is

limited by the personnel responsible for the preparation of loads_

for the airdrcp. Mathematicall/, this is expressed as,

I K
_ Z KARG(i,5) * X(i,4,k,l) = C * PL
i=I k=1

A in the case of the sh i pmert of un i tc-, the pre,.iou-

period's surplus, P(5,1-1), and the present period's surplus,

F'5, 1 change the constraint to be an equal it>.
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as in the last constraint, only the first Y' units are deployed

at the front while the remainder (Y'+1,...,Y) are deployed at the

APOD. There is one constraint per period or a total of L

constraints. (5:70)

L'nmtI Linkaa_-: This section describes certain ceilings and

fI oor s of the part icul ar units deployed in r. e a t i on t o other

units deployed. When considering its ceiling, more of a

particular unit cannot be deployed without a corresponding

increase in another type of unit. Conversely, a floor requires

the deployment of a particular unit in order for another unit to

increase the number that are deployed. Both of these terms keep

certain units in a particular predetermined ratio. First a

specific case of a ceiling will be discussed, followed by an

e:xamp 1 e of a floor.

1. An example of a ceiling is "the deployment of combat

support arms such as artillery, requiring a minimum number of

combat units to be deployed before more follow-on artillery" are

deployed. In order to keep the ratio between combat designated

uni ts and combat support units in at least a one-to-one ratio,

the following expression is used:

Y ~ L
E Z CI(y) * U(y,m,l) >= 0.

y=1 m=1 =I

Here, the mul tipl iers CI(.) are combat indicator vari bles to

distinguish between combat, combat support, and other units, and

are given the values 1, -1, and 0 respectively. The first two

types are self explanatory. An example of an "other" unit would

be the ALCE as it is considered neither a combat nor a combat
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.5

I

ii 2 KARG(i'5) * X(i ,j,5,1') + S1 + P(5,1'-I,
i=1 j=1 ,4 j

Y' 3 I'-I
- T- Z- PL * TON(y,5) * LI(y,m,l) - P(5,l) = 0.

>=1 m= 1=1

and

I
S I3 ( i ,5) * X(i ,3,5,1

i=1

Y 3 l'-My
+ - - _ ETRP(y) * PLi/L2 * DAPOFT] * U(y,m,l) >= SI

y=1 m=1 1=1

There are tw.o con-stra i n ts per period or a total of 2*L

constraints. (5:63-9)

3. The constraint of supplies for the APOD will be

discussed in this section. As in all the other cases, supply

must equal or, exceed the requirements of the deployed units. 1

Supplies that come into the APOD are either consumed by local

deployed units or shipped to the front by deployed truck units or

intratheater aircraft missions. The supply constraint, then, is

the sum of the supplies delivered to the APOD, plus. the surplus.

supplies from the previous period, minus that which is consumed I
at the AFID, minus supplies transshipped to the front, and minus

the excess supply for the period. The result is as follows:

2_ RAPG(i,5) * X$i ,2,5,1") + P( 5,1'-I) - Sl - P(5,1")
i=1 I

Y 1'-I
F- - FL * TON(y,5) * L(/,2,1) = 0.

y=Y'+ 1=1

The S1 term relates to the previous supply constraint at the t

front and is the amount that is sent forward to the front. Also,
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1 4
iL C . .ARG, i ,5) * (i ,j ')

i=1 j=I 3

Y 3 1 '-My
+ r 1 1 TRP(yx) * PL)1/E2 * DAPDFT) * U(y,m,l)

y=1 m= 1=1

Y' 3 1"-I
- E r - PL * TCti(y,5) * U(y,m,l) >= 0.

y= m= 1=1

Another constraint must be added to the above expression to

ensure that aircraft and trucks do not ship supplies that are not

available at the APOD. By letting Sl equal the supplies

transshipped during period 1, the parameter is limited to the

capacity of the transshipment pipeline. This. is. similar to

statinQ that the actual amount supplied cannot exceed the

capability of moving supplies to the front from the APOD. Here,

the variable TRP(y) functions as an indicator variable, in that

if the unit considered is not a transportation unit, the value is

zero. The expression for period I' is then as follows:

I
£ KARG(i,5) * X(i,3,5,1')
=1

Y 3 l'-My
+ >2 2 E TRP(-) * PL)/t2 * DAF[DFT) * U(y,m,l) ) S1

y= m=1 1=1

Furthermore, the value of S1 must be less. than or equal to the

amount of supplies left over at the APOD. This additional

constraint will be discussed further in the constraints of

supplies for the APOD. Therefore, the final constraints when

consider ing slack and surplus variables are as follows:
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deliveries (j=l), intratheater missions (j=3), and airborne

delicver-ies (j=4). Mathematically, this. is expressed as follows:

1 4

Z Z KAG(i,5) * X(i,j,5,1)
i=1 j=1 ,3

When considerinQ the transportation of supplies via truck,

the time-distance relationship must be considered along with the

unit's capability of moving supplies. Each unit has an input

parameter of the number of ton-miles the unit can move per day

(TRP(x)J. A combat unit though is normally given a parameter

equal to zero. This means that the combat unit can only move

suppl ies from its. rear area to its front. The following

expression determines the number of tons a unit can move in one

period.

[TRP(y) * PL] / [2 * DAPDFTJ

[ton-miles/day] * Idays/period] / [miles] = (tons/period)

The two in the denominator reflects the round trip distance from

the APOD to the front. Therefore, the total tonnage shipped via

truck is as follows:

Y 3 l'-My
C 72" [TRF(-) * PL]/(2 * DAPDFTJ * U(y,m,l)

y=I m=1 1=1

By combining the expressions for the amount of supplies

brought to the front and subtracting the consumption of the

suppl ies by the units deployed to the front, the resulting

0 expression is formed:

I0

"i '1 J mr - - r "'" " ll mm llllm,, 'm ":- -J~ " '- -3- -21 . m



for the remainder of the period. Therefore, given the parameter

TON(y ,5) as the daily consumption rate of a specific unit, the

supply constraint for period 1' is:

I 2,4
- 2 KARGi,5) * X(i,j,5,1') + P(5,1'-1)
i=1 j=1

Y 3 l'-1
-2 2 TON(y,5) * PL * U(y,m,l) - P(5,1') = 0.
Y=1 m=1 l=1

Here P(5,1') represents the surplus supplies shipped in the l'th

period, while P(5,1'-1) is the surplus carried forward from the

previous period. Again, it is assumed here that each unit upon

its deployment has sufficient supplies to sustain itself for the

remainder of the period. There is one constraint for each period

or L constraints. (5:67)

2. Here, the constraints to ensure adequate supplies reach

the front are discussed. Every unit not based at the APOD is

considered to consume its supplies at the front. In other words,

all the units with the exception of the APOD-ALCE, the fighter

squadrons and the transportation units consume their suppl ies at

the front. In the file that contains the information on the

different units, the first Y' units are deployed to the front,

while the others are deployed to the APOD. Delivery to the

front can take place bx one of four means;

a. direct delivery,
b. airborne delivery,
c. transportation via intratheater airlift, and
d. transshipment via truck.

The last means of delivery4  by truck, will be discussed

sep.arately. The expression of the total amount of supplies

del ivered by airlift is simply the sum of the number of direct
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Ii the unit is not airborne capable. The expression then

(-ecome =,

I Y

K"AROKi,k) * X;(,4,k,l) - Z AB(x) * TON(x,k- * U(, ,l )

+ F k,l-l - F(k,l) 0 .

Once acain, there is one constraint for each period and cargo

type, or L*K (K=4 ) constraint=. (5:66)

SLpmEn± o Supplies: Supplies are included in a sepa, ate

classiication (k=5), and are used to describe the aggregate

needs to sustain a unit. Therefore, once units are delivered to

the theater, there is a requirement to sustain the unit with a

certain tonnage of supplies. Therefore, the input must equal or

e:.- ed the consumption of suppl ies by the deployed units. Three

different sections will be discussed concerning this issue. The

first section will insure that there are adequate supplies

delivered to the theater to meet the needs of all the different

units in the theater. Then, the second section will insure that

the necessary supplies reach the units deployed to the front.

Finally, the last section will insure adequate supplies are

available for the units based at the APOD. Each of these

sections will be examined in turn.

The requirement f',r intertheater supplies is very

similar to the shipment of units previously mentioned. There is

one d ffererce though; all the units that have 'closed" in tie

previous periods are those receiving the supplies. The supplies

are deI ivered or,. f or the un i t s dep I o>,ed in the prev iou periods

because it is assumed that each deployed unit has enough supplies

3-I?
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I Y 3

£ 'KARG i ,k. * X( ,2,k,1) -k , TON( ," * U( y I, l) > 0
i1 y= m=2

However, because e-.xcess cargo fP(k,l)] or early cargo [P(k,1-I)]

must also be considered, these variables should also be included

in the constraint.j

I Y 3
KA RAG,(,k X i ,2,k) - C TON(y-,k) * U(x,m,l)

i= y=i m=2

+ F(kI-I) - P(k,l) = 0.

Finally, to ensure that cargo moved to the APOD reaches the

front, an additional constraint is added:

I Y
[ KARG(i ,k) * X(i,3,k,l) - V- TON(y,k) * U(y,31 1) > 0
i1= y=l1

There are two constraints for each period and cargo size, or- L*K

(K=4) constraints. (5:65-6)

2. The shipment of units to the front via direct del ivery

is very similar to the shipment of units to the APOD. Therefore,

the expression to indicate the closure of units to the front by

direct delivery is:

I i

_ KARG( i ,k) * X( 41,k,l - C [1-AB(y)] * TON(y,k) * U(y,1,l)
i1l y= I

+ P(k,I-1) - P(kl) = 0.

As before, there is one constraint for each period and cargo

txpe, or L*K (K=4) constraints. (5:66)

3. The shipment of units to the front via airdrop is also

similar to the previous constraint with one minor. difference. To

insure that only airborne capable units are delivered, an

i ndi cator variable AB(y) is necessary. The value of AB(y) is

equal to one if the unit is airborne capable, or is equal to zero

3-IoS
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arr i, nq ti r st to APOD and then transport I ng themsel ves to the

front. If the ALCE units were unable to move themselves, the

third summation would not exist. There is one constraint per

period for both the APOD and the front, or 2*L constraints.

(5:63-4)

Ji± i_L aluatn: The numb-er of units shipped is obviously

l imi ted by the number of un i ts avai lalble. Therefore, this.

constraint is simply expressed as the following:

3 L
L 2 U(y,m~ l ) <= UNIT(y)

m=1 1=1

There is. one constraint for each type of unit, or a total cf Y

constraints. (5:64)

oLmknZ S Ur,_Lit: This section will discuss the three

different ways that units can be shipped into the theater. These

three ways are via the APOD, airborne del ivery, and direct

del ivery.

1. The del ver/ c-mpletic n time for the units to the APOD

is examined in this section. When a unit is transported in its

entirety, th, un it is. said to be "c'o-_ed." All fighter aircraft

squadrons, and transportation units are assumed to be delivered

and assigned to the APOD. ALCE units are unique in that they are

assigned to either the front or the AFOD. Each unit is

described in terms of personnel and outsize, oversize and bulk

tonnage. Therefore, the unit cannot be "closed" until all the

personnel and tonnage of each type of cargo for the unit is

delivered. The mathematical expression of this is as follows:

3-17
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pallet equivalents that an ALCE unit can download in one day.

Since the period he-e spans many days, an arbitrary term of less

than one is multipl ied by the number of newly arriving ALCE

units. The multiplier in this case is one-half. This will more

closely approximate the additional assistance qained from the 0

newly arr iving ALOE units than if the periods were treated

similar to a single day. Finally, because the number of aircraft

"moving through the APOD must not be greater than the

capabilities at the airport to unload them", the following

constraints for period I' are established:

For the APOD:

I K
~ Z : EAS(i ,k) * MHE(i) * X( i,ji,k,l')

i=1 j= 2
3
3 k=1

lI-
- - NPAL * PL * U(ALCE,2,l)

1=1

.5 * NPAL * PL * U(ALCE,2,1') <= Ha * PL

For the front:

I K
- Z EAS i k) * MHE i) * X i k ,1)

i-l j=i,3 k=1

- T- 2_ NPAL * PL * U(ALCE-FRONT,m,I
1=1 m=1,3

I '-My

- .- NFAL * PL * U(ALCE-FRCI%.T,2,l)
1=1

-_2 .5 * NPAL * PL * U(ALCrE-FRCNT,m,l') (= Hf * PL

Concerning the constraints at the front, the second summation

considers the ALCE units arriving either by direct or

intratheater delivery. The third summation, considers ALCE units
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A special situation to consider here is the case of fighters

assigned to the APOD. If this is the circumstance, the fighters

must be assured available ramp space at all times. Therefore, by

combining this constraint to the previous constraint, the result

is as follows:

I 3 K
SW ( i ,j,k,l) * GT(i) / £PL * NPRK(i) * 24)

i=1 j=2 k=I

Y

+ z Uy,,l ) * NTAC(x) / IPL * NPK(y)], <= I.
y=Y' + 1

[units/period]*[AC/unitJ*[24hrs)/([days/period]*[AC]*[24hrs/day])

The 24 in the numerator and the denominator cancel out, but the

4 units are important to show the relationships between the

variables. There is one constraint for each period considered,

or- a total of L constraints. (5:62-3)

2. This section reviews the constraints of material

handling equipment (MHE) at the APOD and front. The time to off-

load an aircraft is dependent upon the number of pallets the

A arcraft can hold and the type of cargo being off-loaded. The

number of pallets an aircraft can hold (NPAL) is easily

determi ined, 'phi le the relative ease with which these pallets are

offloaded is not. Therefore, the variable EAS~i ,k) measures the

rel _tia e et c e wi, h t ,hich pal lets for type i aircraft with type k

carqo car be of+-loaded. If all the aircraft and cargo can be

r emoved tw.i th the same ease , the var iabl es are all I qual to one.

The resources avai lable to download the aircraft are the MHE

available pr ior to the deplo>ment (Ha for the APOD and Hf for the

front., and the ALCE with its "ancillary port improvement

packages" (AFAL). The vari able APAL measures the number of
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considers the amount of ramp parking space available for the

aircraft at the AFOD. The second constraint of MHE will

interface with the capability to unload an aircraft once it has

arrived at the APOD or front.

1. This set of constraints considers the limited amount of

ramp space available at the APOD. A linear relationship is

assumed between the area required for different type of aircraft.

Specifically, if the ramp is sufficient to park a total of 43 F-

16's or 12 C-130's, the ramp is also sufficient to park 24 F-I&'s

and 6 C-130's, or any convex combination thereof. This

approximation is adequate for most "airfields except very small

* fields with end-point solutions to parking limitations." Here a

large aircraft could block off a taxiway or runway from other

aircraft. Normally though, this is not a problem because APOD's

are normally not "chosen at minimally capable terminals." (5:61)

The parameter which considers ramp space is parking-space

required per unit time for each type of aircraft. Here, it is

asEumed the aircraft in unloaded and serviced within the planned

ground time (GT,")). This parameter is constrained as follows:

I 3 K
V W1 X(i,j,k,l) * GT(i) / EPL * NPRK(i) * 24) <= 1.
i =1 j=2 k=1

[AC/per iod] *[ hrs)/( [ days/period) *[AC) *h[hrs/day) )

H re, j is summed only over the missions that transit the APOD.

A -o, .all tr, e units for the terms are cancelled out, leaving a

uni t le.s constraint. When the left hand side of the constraint

i: equal to one, the ramp space is completely saturated.
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[I" F UiE ,: * lU ) ; * SFDi ) 7 [2 * DUSPDI

[ £.x.."er i * hcur .-/dA * a i rcr a f t * k'mihour j/[ kmIn=

a i rcra-f t/per i od

The number "2 in the denominator reflects the aspect oIr a round

trip, the total distance flown. When considering only the

aircraft that are involved in the deployment, and not the entire

fleet of a particular aircraft, the above expres-ion must be

multiplied by the percentage of the aircraft that 'will be

available in the deployment. Cooke does not include this last

Sfactor, but should, as without it, he is saying that all the

flying time for a particular aircraft type is consumed by the

arcr aft in the deploy!r Ment.

IPL * UTE(i ,.j * NUMKi) * A.AIL(i) * SPD( )) / [2 * DUSAPE,].

C day-/period * hours/day * aircraft * * km/hour]/km]=

Sair craf t/p er i od

Therefore, the average number of a specific aircraft that will

fly in a given period must be le-; than or equal to the above

e:epres :.on. e:.- rearranging scme o, the terms and summing over

the missions and cargo, the following constraint is developed:

J K
'1 £ £ 1,UTEK' i ,j ) * X i,. , ,1 ")
j=1 k=1

E [PL * NUIM i) * AVAIL( i) * SPD( i )I / [2 * DLSAF'DI

Cooke uses a standardizing factor to convert aircraft of the

S aTC tyXp , flIo ng different m is. icns to an equival ent number of

sorties +,T:r the respective m issio. The ratio used Is as

fol I -S

C, D tAnce t her J I D ii Et -arc e frc'm the US to F0[' 1

This ratio shows that there are more -or ties av I *

.-t
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Fire Power

Y' I'

1=1 .. rn,- CPI1) * FP"/', * U(ym,1)
y=1 1=1 -n=1,3

Y' 1,-Mv
+ r - CPI2I+My) * FP(.) * U(x,2,1)

>-=I 1=1

Y l

+ -2_ 2' CPI1) * F,'>) * U(y,2,l) >= GFP(1')
y=Y"+1 1=1

One for each goal
Aircraft 

Sorties
2,4 K

Inter(i) * £ Z X(i,j,k,l)
j=1 k=1

K
+ Intrai) * 2 X(i '3,k,1) NLM(i) * AVAIL(i) * PL

k=1

One -for each aircraft type and period.

Pr-i craft UTE Rate

K
I l/UTE E ,j) * [DUSFRT/rUAPD* X(i,j,k,l')

k=i j=1 4

K

+ 1,/UTE( i,2) * )( i ,2,k,l I
k=1

K

+ 2 [1/UTE( i ,]3) * [DAPDFT/DUSAFDJ * i ,3, k,1')
k=1

<= [PL * NUM(i) * AVAILi) * SPD(i)] / [2 * DUSAPD]

One for each aircraft type and period.
Airport Ramp Space

* I 3 K

2. 2._ X< i,j,k,1) * GT(i) / EPL * N'RK(i) * 24)
1=' j=2 k=1

Y
+ U(y,2!1 * NTAC(y) / [PL * NPK(y)J < 1.

y=Y" + 1

One for- each period.
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Airport MHE

For the APOD:

I K
2 > EAS(i,k) *MHE(i) *X(i,J,k,l')

i=1 j=2,3 k=1

- Z NPtAL P L *U(AILCE,2,1)

.5 *NFAL P L *U(ALCE,2,1') <= Ha P L

For the front:

I K

i- =3~ EA^S( i k) * MHE( i) X( iJk,1')

- C C NPAL * PL- * LI(ALCE-FRONT,m,1)

- Z NFAL * FL *U(ALCE-FRONT, 2,1l

- C .5 *NP4IL P L *U(ALCE-FPONT,m,1'4 <= Hf * L
M= 1 ,3

One for each period.

* Unit Limitation

3 L
Z-- U(Y,m,l) <UNIT(x).

m~1 1=1

Ore for each deployable unit type.P
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Shipment of Uni t- tc the AF0D

I Y 3

KARG(i ,k) * X(i ,2,k,l) - 7 2 TON(y,k) * U(y,m, )
il y1l m=2

+ P(k,l-I) - P(k,l) = 0.

and

I Y
Z KARG(i,"k) * X(i,3,kl) -I Z TON(y,k) * U(y,3,1) >= 0
i=1 y=I

Two for each period and cargo size.

Shipment of Units via Direct Delivery

IY/
- RARG(i ,k) * X(i,I,k,l) - Z: EI-AB(y)J * TON(y,k) * U(y,1,l)

+ P(k,l-1) - F'(k, 1) 0.

One for each period and cargo size.

Shipment of Units via Airdrop

C I Y,"
- KARG(i,k) * X(i,4,k,l) - - AB(y) * TON(y,k) * U(y,1,l)
i=1 y=l

+ P(k,l-1) - P(k,l) = 0.

One for each period and cargo size.

Theater Suppl ies

I 2,4

2 - KARG-i,5) * X(ij,5,1') + P(5l'-1)
* i=1 j=I

Y 3 IU-I

)- 2- 2- TOJ(y,5) * PL * U'>,m,l) - P(5,1') = 0.
y=1 m=1 1=1

One for each period.
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AI

Front-Line Supplies

• I
Z - S KAFPG(i ,5) * X(i ,j, , 1') + SI + P(5,1"-i)

i=1 j=1,4

Y' 3 1,-i
- Z S PL * TON(y,5) * U(x,m,I) - P(5,1) = 0.

Y=1 m=l 1=1 p
and

I

£_ KARG(i,5) *X(i,3,5,1')

i=1

Y 3 1'-My
+ - Z 'Z [TRP(y) * PL)/L2 * DAPDFT) * U(x,m,l) >= S

y=x m=1 1=I

One for each period.

APOD Suppli es

I
S- KARGi ,5 * X( i ,2,S5,1 + P(5,1 '-1) - Sl - P(5,1')
i=1

"( 1 "-1I

- S PL * TON(x,5) * U(y,2,1) = 0.
Y=Y"'+ 1=1

One for each period.aI
Link of Combat and Combat Support

Y 3 L
: E- CI(y) * U(y,m, 1) ) 0.
y= m=1 1=1

One.

Link of Units and HQ's Units

crnbt - 3H0 <= 2.

One for each HO's Unit.
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AA

Rigger Capability

I K
Z KARG(i,5) * X(i,4,5,1) - P(5,1-1) + F(5,l = RC * PL

i=1 k=

One for each period.

The upper limit for the total number of aircraft variables

i- I * J * K * L, vihile for the unit variables it is Y * M.

However, because many of the cc.mbinations are nonexistant, the

number of actual variables neces-ar-y is considerably less than

A the upper limit. The number of equations from the constraints,

in order, i=- # Goals + 2(I*L) + 3L + Y + 4(L*K) + 4L + I + #HQs

+ L, or # Goals + # H-Os + 2(I*L) + 4(L*K) + SL + Y + 1.

Lq
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D :EPLC i S an interactive goal pr:gr -m n g m cie or the

rapic,, deployment o-f arme.: forces. The program F'4,F (Farti tin ng

A cor i thin fcr Goal Programminq) is used ior the al I Ioca or,

routine.(3:373-G6.. Th is chapter will discuss goal prooramm ,r

(GF) in er, er-al a',ong w it its reiatc' ns n p to I near prc ramm 7:,

(LP). As a result, this chapter will serve as an introduction to

those rot fami i ar wi th G and act as a rev ew to those who are

weil acquainted with GP. Then in the second section: the PAGP

program wi 11 be examined as to why i t was chosen and the

efficiencies associated with i t. PAGP was acquired from the

A--soc iation tor Computing Machinery (ACM) and, because it is

copyr ighted, cannot be used for commercial use wi thout

permi ssion.

EcaI Ezzzammwng

L i near Fr- ogr. afmii rig (LF) i s a very powerful and useful too!

but its "major criticism ... is that only one objective is

per m ttec. (12: 3.5".. When only one objective is used, the "90kW

must be me a.sured on a common scal e. ( 1 2:3) S, Of ten though,

ecs or, maker- are confronted with more than one objective such

ma/im:zing total profits or minimizing total costs. A few of

the many objectives may be improv i ng the workers' morale, p.a/ r;

,,.,derd.s to the stockholders, and meeting the consumers needs.

All of these objective- would be very difficult to put on a

common scale. This is certainly true when considering the rapid

deployment of armed forces. Here, the objective is to maximize

delivered combat powkier without jeopardizing the sustt nabil ity of

4-1
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tte deioved fcrces. The problem with usinq LP is that czmcat

pcwe - cannot be express ed or a common scale, but rather is

measured in relationship to the amount of anti-tank power, front

lire trace and firepower a specific unit projects. Goal

P- :,r amm i ng (OF) can manage multiple objectives and for this

7ea-on is used for the general allocat ion routine.

In discussing GP, the set-up process and the assignment

Pr _ . will be explained, followed by the mathematical

e pression. Each onjective must be formulated with a specified

numerical goal in the set-up process. This is similar to the

cc jecztive +unction in LF except the desired level or outcome of

tne ctject..e must be specified. Next, the assignment of values

to the decision variables is such that the weighted sum of the

deviation variables from the objective function's goal is

minimized. (2:172) Mathematically this is expressed as,

miri -f "Z E PAk) * W(i,k) * d(i.1 + P(s) * W( is) * d(i)I
i

n

"- M(i, j. . * Xi. . + d(i)7 - d': = g(i) i=1 ,
Jil

n
1 . j) * X(j) <= -( i ) i=p+I , . . . ,p+m

J=i

" j ,,dI ,di )= 0 j=1 ,.... ; i=1,...,p (12:371)

* The first summation is the weighted sum of deviations from the

objective function. Here, the W(i,k) is the assigned weight of

the deviation variable d(i) for priority K, while the P's are the

* pricr,,/ factors of the specific priority. Ey assigning weights

to the dew.i ar'cn variables, it is possible to prioritize the

• 4-2
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goals within the same level. These variables will be discussed

more extensivelx in the following paragraphs. The second

summation is the goal objectives with "g(i)" being the specified

level of goal "i". Finally, the last summation is the normal

constraints similar to those found in an LP problem.

i"The priority factors are also call1ed preemp t ive--pr ior ity

factors. This indicates that "any goal at preemptive-priority k

(designated P(O)) will always be preferred to (i .e., preempt) any

goal at a lower priority k+l,...,K, regardless of any scalar

multiplier W(i,k)t or A( i ,k) associated with these lower

priorities." (4:57) To understand the preemptive aspect,

consider, for example, a possible decision process of selecting a

house to buy. Suppose the buyer's first priority is that the

house be within a 10-mile radius from his place of work. All

hcnes that lie outside the 10-mile radius are not considered.

Nex.t, suppose the buyer wants to consider only houses under

$120,000. As a result, even though houses less than $120,000 may

exist outside the 10-mile radius, they are not considered and

"are excluded (or preempted) from consideration by the first

priority." (4:57) Therefore, "the preemptive-priority concept is

used in the decision analysis as an iterative screening process. "

2 : SO-81 )

The final factors to be discussed are the deviation

.. rtle-. These variables are defined as either positive or

ne; t..e cev ition variables. Further, they provide a means to

measure both the underachievement and overachievement of a goal.

rrn i rrz ng e ther one or both, the goal is defined as ei ther a

4-3
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cei i ing, f c;cr cr equ tv. The fc 1 ow irg c.art .ec e ,-inc-

variable to minimize for a speczif c goal.

GP Form: f,i + dH) - d,:ii = Qi)

fi)<= g(i) : e iling minimize d(i "

f~ ) = g( I ) : equal i t- mlin rize d( i ), & d.. i , or
±", >= g(i,: floor mrinim ze d() (9:3,77)

The devi at i or var i abi es, therefore, are used to measure the S

amount that the goals differ from what is desired.

In th is section, the difficulty associated with LF was

di=cus=ed along with how GP compensates b." being able to manage

multiple objectives. Then, the capabi Ii ty of GP was related to

the need of DEPLOY, managing multiple objective functions. In

addition, the setup and assignmen t processes were examined along S

with the mathematical expression of GP. Finally, the functions

of the priorit," factors. arid deviation v ariables were discussed.

E-aGE S

The FAGPF routine was. chosen among other, routines for several

reason=-, ircluding its ability; to efficiently allocate resources.

First, the program had proved i tse I as an eff i ci en t al location 

routine in a nuclear e:-charge model (BRIK) by Capts. Bunnell anc

Tackacs. . (4:.,6,i,9) PAGP could also be employed as. a sub-,routine

in DEPLOY and therefore increase the portability of the model by

not Le i ng bound to a necessary 1 ibrary r:.utine. in addi tion to

this, PAGF has been s-hown to be more efficient than one of the

other p'pu ; ar GP p=c a-e s done by Lee. (3:381 -84) The key to S

PAGP's efficiencies is that the goal constraints are partitioned,

so:me variables are eliminated, and a special termination rule is

emplo ed. Each of these efficiencies. wiill be discussed in the

to cuing par rraphs.

.-4
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The part; ticning cf goa; constraints is the first efficiency

of PAGP to be examined. This partitioning "is accomplished b x

observing that, for any goal constraint i, one and only one of

the three thing. may occur.

(i) only d(i) appears in the objective function,
(2) only d( i )'appears in the objective function,
(3) both d(i) and d(i)'appear in the objective

funct ion. "(3:379)

In case (1) the partition would assign goal constraint i to the

priority factor associated with d(i)"; in case (2) constr-aint i

would be assigned to the priority factor associated with d(i)t

while in case (3) the partition would determine the higher order

priority factor (in terms of the ordinal ranking) associated with

either d( i) or d" i Sand constraint i would be assiQned to that

priorit/". (2:379, When real constraints are involved, they are

c, nsidered before any of the goals, and are treated first. Then

when the real constraints have been sat isfied, the constraints

that have deviaticn variables in priority one are considered.

New priorities continue to enter one by one until either all the

priorlties are considered or the special stopping rules are

initiated. By partitioning the goal constraints, the problem is

d-, ,ided into subproblems which are solved in turn, resulting in S

improved eff;ciency.

The next efficiency of PAGP to be discussed is the

elimination procedure. "The motivation behind the elimination 0

procedure comes from the theory of LP." When a standard LP

problem is optimized, "x(j) cannot enter the basis to form an

a'ternate optimal solution" where z(j) - c(j) > 0. A corollary

to thi- theorem is "in the standard GP prob-.lem, if the optimal

4-5
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tab!eau tor subprocle S (k) has been found, then anx nonbasic

va iablIe ts) he.here tU'S) can be a decision variable or a

deviation variable) which has at least one positive relative cost

[z(j)-c(j) > 0] can be el iminated from entering the basis in

subproblemE S(k+i , . . ,S(p)." As a result of this procedure,

fe er ncr, ;._2!c var i alI are considered for entry into the basi s,

ma :7,; the algcrithm more efficient. (3:380)

T he final efficiency to be investigated is the special

stopping rule. When the program determines at a subprobiem that

there are no n, nbas-ic variables to en ter the basis, the stopping

rule i invo k . Thi_= rule_ is initiated regardless of the number

of lc,ver priori ties_ remaining to be con=.ider-ed. Therefore, when

there is no poss.i i t:.- cf improving, the problem terminates.

This, i ike the '_r a-t. of PAGP discussed, causes this

program to be more e-f-icient.

Th i_- chapter has de-scr i bed the general model of EDEPLCY as a

f3P model that incorporates the program PAGP for the allocation

r ct ne . The basics of GP were revie'ed along with its advantage

c,,er norm. LP and how it satisfies the requirement of multiple

objective-- ge era.te. frcm DEPLOY. Furthermore, the efficiencies

c- F-- C.e n,ve-t gated as to why, the routine was chosen to

-.'.-pu ,:rr t [EEL> . Th i.S ccncludes the ex.<amination of the general

.Iae , ; and i n tenext chapter the model characteristics-: of

CE. L', w I I be di scussed.

I
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Th s chapter e.amine s tv.,o characteristaic; of DEL2:. The

frst section discusses the model restrictions along Wjith the

scenario limittions concerninq the app icartion arid usefulnes= of

the model. In the second section, the input parameters necessary/

for C.E 'LC wi I 1 be rev iewed .

E. S. uade is quoted a =. sa/ ing, "I 1 1 of the assump t ions of

a mce mu.t be made expI i ci t ... so his (the modeler errors

... i' b, .e e T h- c u g h a .s =_ u m p tI o n .. d o n oct
W 3i be mnore evident". .(11:21? Thuh..umton.o.o

"neea.e- l re- ec t errors, they do repre=sent the modeler's

percept,.r of te r-e world".(,4:2S) Fis a result, i t i.

Paramotjnt that before an, model isa used, the assumptions and

t mi t : n be knc.l.n to the u se . There cfore , the 1 imI tat i ons c

DEPLOY are p < aiy stated, not to reveal error, but rather to

give the user r C ee.-_.ar'/ inform.a tior,. This srction is d vided

ir,t ti. . reas, the f ir-t area r-e.,i ew, the mode rest ri c _ . ons.

.- e = e connd area di =cus-.ses the scenario 1 imi tat ions. I

_odl _L±zI.r: DEPLOY's applicaton and usefulness are

restr.c ted t' the follow inq factors:

I. C os r, S t a r, t a,,a ilabil i'tya of Aircraft. The availability of

aircraft is constant throuQhout the time periods considered in

.the model That -- an aircraft cannot become more or less

avai e1 3.bI frcm one period to the next. The on . e.ception to

thi E her. cc. de r-i r n t.h first per i od the aircraft is

a,. i _ ; le. Before the first period of availabil tx, the aircraft

is n cc ., , 
1 -e .a pos rble res urze to deploy," uni ts. At the

trot per od Cf a,,ia1 ;oi 1 t, the numl:er of aircraft con.sidered

= S
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SreF>s)u rze s i a f+ :- e c.nstant rati of the number -f a ra-,r-

in the inventory. ThI s f i xed c nstant ratio is. user-defined.

2. No individual scheduling between aircraft and deplo yed

uni ts. Aircraft in the model move cargo identified by the size

ann period i which it is shipped. There is no attempt to
S

i d en ti f/ p a r t i c u l a r c a r g o w i th a s p e c i f i c d e p l oyv e d u n i t. As a

resu t, an aircraft ma>' be transporting several units at Cnce, or

us t or, e un i t. There i -. nc, dist inct i or, made betw.Jeen the-e two

s: tuations. This is employed in an attempt to minim ze the

number of different variables in the model. The process s val i d

Lecause in order for a unit to "close", a specific number ot
S

past engero and d ffe--en t sizes of c arQo must be tran=-.po:rted. The

number of- each s determined b, the uni t "closing" , theref:ore

there is no need t =pec if>' the type of uni t ,,ji th a p :articul.ar

a i r c r af t

. ion-ante ;r c -, u t i ns. The number of resources utilized

ann the number of uni ieployored are not restricted to integers.

Theref.re, th- luta Is will mc.t 1 ikely include non-inteqer

s ut o ns.

4. Nc, .'nerg i c effec t be tw..een uni ts. The measure of
S

e+ vtven es ct all deployed units is independent of the number

ard t.-pe o- , then u! n i ts dep"o:ed . Tha i s, two mechar i zed

bat al ions h.aue the same effect i venes-s. whether there are ten or

r,c ar t I 1i e- : bt t a i i c.n s de p Ioye d

5. Linear rel ation-ship o- e + ,11', f tivenr, s of deplo-ed uni ts.

There I s a ' i near re 1 at i onsh i p be tween the total effect i vene - c

deplo.ed I P unts and the number of units deployed. W-ht i- meant

I " ' II I'iI~ilIIIIIIIIIII~nII ~ l Ilulmnlll'mladlnl l l u S



- .e a th t trc t - t e E --. n cep c me h n z e J

, ta ' n~ - t tme, t2,L e - ene-=.z c-f ore mechanized

b.ttal ion. Th . i- realistic if, in the case her-e, tnere are a

f'. number cf u, i t- tc. dep 1 o.

C. Only one APOD cons idered. Ther-e ics only one APOD tnat

aircraf t can flx into to del i ver- troops, and car4c. The decis.],-on

to lmit th e model to_-' one APOD was made in order to keep the

mat r i ;-. di men - i c:n.=. s ma ,j i thout - s i n g the real isin. By add i ng

.noter AFD. the cons=trai n t matrix would i ncrease

c c -i e r-aLt,i -. 7..

Z,-z-r L-nwftf±.ainn: The post , ble S.cenar ios in a model are

, I - .. C- r i rtaa in an,- , an If the scenar i of the

rr : i r.: : mt- te s- .tt on han,4  then the resul s-

te m,: e ., ' e,- aIcn- ame . measure the re-al outcome-s.

The . re t"e- + a - 1: DE'LC"Y .r e ex p1 i ci t 1 y s tate ..

I. .- :r c:naider RP gardles s of the mission or

tre arc? ant t -:e, r--:I a t r i ton is c on , de red . Th is

at'. : v-F-a-a,.,. decided because, to adequately

'7d a4  i 1 *r , te ji r z n- ha e t be m tched up tio th

c t , - -a a ttn n a -a f u nc t i on o-f the a i rcraf t t pe

anc the mi i :n te nq_ n.

F. Antonce del Ie - ia limited b:1 ri Qger,.s. A i mi tinq

L.o' -r 0t t C am, 'Iount CT c7r,c ye ered via air-del iver, is the

ma - 1mum amt, r. :,e P r.u t pu t . I t i = E. s= H.umr ed' tha t th er-e i nf o

c-.n I., ai nt or, av-.a aI- e parachutes.

* The ti me s-p an con=_ i dere, i a tcur fi ve-day per i ods. The

Sme sp-ar. a se t o; four 1 Irked per iods of f ;e days-. E-

r edu c r,r t : e c P IC , mt I c ,c r, -J e red, the numb, er o+



.E-LOY i s a unique i n teract ie user.-fri end x c :mputer

program that opt;mizes the ccmbat power delivered to a theater S

during a specified time period. Further, the units deployed are

kept wi thin acceptable levels of sustainabilit;.. This final

chapter is divided into twjo ma jor sect ion-s. The fir-st section

will discuss a summary of the model ing process. Next, the major

acccmplishments of this triesis will be presented and, finally,

reccmmendations for further research wi 1 1 be given.

Thi. the-is was initiated after a reccmmendation from the

the s is "Op timz in Fonrce Development and Force Struc tune for the

Rap id Deplo>-ment Force" completed in March 19S4 by Army Captain

James Cooke. Cooke demonstrated for the first time a particular

methodoloqy which determines how the interactions of unit weight, S

combat attnibutes, logisti.- needs, and airl ft resources can be

jo intl, o i z e cThe crrmendat ion from Cooke's thes ijcr :. - jo t ii .

.. AE t: take the mathematical form of the model and develop it

i ,t_ a user-fr iendy comput er package that could be used to

anayze different fonce mixes. DEFLOY accomplished thi.

reco-mmendation and more. The major a-ccmpl ishment_ of DEPLOY are

di -cusse.- in the next sect ion.

There ae three majo r accompl ihmerts rrpi eted i n DEPLOY.

First, toe mathematical model demor . . .ated by Cooke is deve ,loped,

into an interactive user-fri end: computer package and, in

alt , ; . t W i a, the U_=eZ r i E abl e to per.zarm anal ys i s on

di fferent force ma :E and t+fsren, t FOD set . Second, DEFLC'

7-i
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An anal.ys; L of the vut.ut ree l. mar i terest n r-e-uts

Fir-st, the C-5 ar, d C-141 are very heavily relied upon fcr all

ty pes ot m; s-,ns and for all sizes of cargo. Furthermore, when

ther-e is no di rect del i very capabi I i ty, ai rborre del i very is used

exten.S iieIy. Th is points out the requirement for a direct

del ver/ type a i-craft, such a s the C -17. Fina ly, the

importance of deploying fighter squadrons. and ALCEs is shown in

that the minimum number of both are deployed.

Th i s chap tr- performed the n e c e ssary ver i f i cat i or4  and

demonstration of DEPLOY. The verification ensured the

co rrec tne-s=, oF t he model vi th different data sets using MFriE: fcr

an allocaion routine. The demonstration showed that DEPLOY does

indeed Awc rk. Here also, an exakmple was discussed along wi th the

meaning of' the output from DEPL.,
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1, AL:E A 2 1. 336142
137 A E- FRO-N7 ihT F 3 .6680?29

OTHE GO.AL ACHIE!YEMENTS ARE

PRIORITY G&^CL NUME ER OVER-ACHI EYEMENT UPNDER-ACH I EVEMENT
2 78 .0000 2.659 °

75 139.2e00 .0000
4 80 .0000 36.2161
5 81 .0000 .

The output of PAGP gives more than just the variable values.

Firs.t, the subproblem or priority number on which the

optimi zation ended is specified. This number wi 1 1 alwaxs be less

than or equal to the number of priorities considered in the

problem. One of the efficient coding techniques c F PAGP

di S cu -_e ,  in Chapter I!,i i=_ the use of special stopping rules.

Here , the program is stopped if non-basic variables are about to

enter the basis. As a result c this stopping rule, the ending

subprobiem may be less than the number of priorities in the

pro -iern. Second, the number of constraints, including goals,

c , *!i er-ed i n tn e f inal prcblem is gI en . -Next, the var i abl e

nimoer name and va'ue is specified. In order to simplify the

Cu t cn] / the n on -zero ai rcaft uni t vari atl-es are gi yen. The

me.r r of the name f+Q 1ocws the order of the subscripts of the

variable d cussed in Chapter III. For aircraft variables, the

ty.'pe of a rcraft, mission or de.-tinatio- n, cargo type, and period

c flight i =_ 2pecified. For un it variables, the name of: the

unit, mode o4 del iv-erx or destination, and period of deployment

i qien. Finally, the attainment of the goals are specified in

terms of over-achi evement and under-achievement.

6 - ':J S
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Table C-6. Simulated PAGP Output.

THE CFTIMIZATIOi ENDED ON SUEPROBLEM 5
THERE WERE 126 CONSTRAINTS IN THE FINAL OPTIMAL TABLEAU.

THE OPTIMAL SOLLITION FOR THE DECISION VARIABLES X(J)
1 C-5 APOD OUT 1 .6396083
2 C-5 APOD OUT 2 .6026938
3 C-5 APOD OUT 3 3 .5 33, -9
4 C-5 AFOD OUT 4 6. 7929937
5 C-5 APOD OVER 1 4. 5360120
6 C-5 APOD OVER -- 55.9677715
9 C-= APOD BULK 1 1.9556843

17 C-5 APOD PAX 1 1 .1106032
21 C-5 INTRA OUT 1 .6361fn74
2? C5 INTRA OUT 3 3. 5383696 .
24 C-5 INTRA OUT 4 6.7929937
2" C-S INTRA OVER 3 15.-438-
25 C-5 INTRA OVER 4 26.9288448
3,-. C-S INTRA BULK 3 7 .343-3 3
35 C-5 INTRA BULK 4 20.841 ,45U56
42 C-= AI RE- OUT 2 2.5010077
43 C-5 AI REN OUT 3 8632231
45 C-S AIREN OVER 1 3 7 1 8.0.633
46 C-- AIRBN OVER 2 2. 2263776
49 C-S AI RBN BULK 1 17.7928981
51 C-5 AIRBN BULK 2 12.3571019
57 C-5 AIREN FAX 1 8.1289054
=3 C-5 A I RBN PAX 2 6.4454446
sc C-5 AIREN PAX 3 .660075

C-141 APOD OVER 2 6.7172956
6-: , C-1 41 APOD OVER 3 1 .., C'. 71 23 4.5
64 C-141 APO OVER 4 52.66 2 -2-) ,,)0
9? C-141 AIREN OVER 1 2460000000 5
94 C-141 AIREN OVER 2 239.5513962

109 C-1 0 INTRA OVER 1 19.2356735
i- C-130 INTRA OVER 3 90.0000000
112 C 1C IT.--. Fi OVER 4 90.0000000
113 C 130 INTRA BULK 1 11.1528047
123 747C APOD BULK 2 7.4425366 9
130 '747C APOC BULK 3 7.8594519
132 747C AFOD BULK 4 1. 525732

136 747P AFOD FAX 4 10.9819335
137 AREN ETLN DUCT 1 5.31131 2
133 AREN BTLN DIRCT 2 3.6886271
142 AREN BTI -1 HG DIRCT 2 22 ..226?24
143 AREN BTLN HO DIRCT 3 .77303 -, _3
14Q AIR ASLT BTLN INTRA 1 .272019
151 AI ASLT BTLN INTRA 3 .7395374
152 AIR ASLT BTLN INTRA 4 2.9047293
1t,01 MECH BTLN INTRA 4 .0003125
170 F-I 'SCC N APOD 2 2 226 8286

S C APOD 3 .771714

177 ALCE APOD 1 00 C,

6-7
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Du,'nu± .Et 1 _: In thi s sec t i or, te output of the

allocation rout ne is given along with an explanation of the

output.

Here, the process of acquiring the output data is explained.

DEPLOY generated the appropriate constraints and goals from the

input mentioned above. Then, the necessary information was

passed to PAGP, the allocation routine, to satisfy the

constraints and maximize the goals. At this point, a very

unusual situation occurred. Though PAGP had been checked with a

small problem in the identical format for the deployment problem,

an examination of the output proved the results invalid. The

output was. invalid simply because the constraints were not

satisfied and, therefore, the answers were infeasible. In an

attempt to show that the problem could be solved, the Multi-

Furpose Optimization System (MPOS) version 4.0, an LP package,

was used. The method of Sequential Goal Programming (SGP) was

u t iIi zed to solve the OP problem with MPOS. Here, the first goal

became the objective function to maximize while lower goals were

discarded. Then, the lessor of the goal or the attainment of the

cob.ject ve func, i on became a ne, cCnstraint, wh i 1 e, the s eco: nd

goal entered as the objective function to maximize. This

iterative process, continued until all tne goals were considered.

The results of the final ouput are listed in Table 6-6.

p
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Table 6-3. APOD Data

1. DISTANCES
FROM US: 7200.
FROM CORPS: 200.

2. AIRCRAFT INTER INTRA OUT OVER BULK
C-5: 1.5 .2 1.0 1.0 1.0
C-141 1.5 .2 .0 1.0 1.0
C-130 .0 .2 .0 1.0 1.0
747P 1.5 .0 .0 1.0 1.0
747C 1.5 .0 .0 .0 .0

3. COMBAT VALUES OF UNITS CLOSING
PERIOD I 2.5
PERIOD 2 1.8
PERIOD 3 1.3
PERIOD 4 1.1

4. MISCELLANEOUS DATA
MHE AT APOD 500
MHE AT FRT 500
AL E CAP 600
RIGGER CAP 430.0

Table 6-4. Deployable Units Data

8 20

TYPE NLWB OLT OVER BULK PAX SPL CF' AT FT AC PK TP TV AB CI
AREN BTLN 9 0 1400 268 1400 14? 4 1? 4 0 0 0 20 1 1
ARW - ETLN HQ ? 73 0 0 ,05 0 0 . 0 0 0 0 20 1 -1
AIR ASLT BTLN 9 152 950 574 1960 446 6 23 4 0 0 0 18 0 1
MECH BTLN ? 2055 3S5 151 2052 440 8 40 6 0 0 0 14 0 1
155-IM ART 5TIN 3 13? 1243 91 710 212 3 3 0 0 0 0 12 0 -1
F-6 SQCDN 3 0 24? 155 472 102 8 36 0 1 48 0 0 0 0
MDM TRUCK CMPY 2 1098 405 270 250 55 0 0 0 0 0 182 40 0 0
ALCE 2 176 2213 244 400 73 0 0 0 0 0 0 0 0 0

Table 6-5. Goals for DERLO'

GOAL # 2 IS 25.0 CF FRONT LINE TRACE BY PERIOD I
GOAL # 3 IS 60.0 OF ANTI-TANK POWER BY PERIOD 2
GOAL # 4 IS 180.0 OF FIREPOWER BY PERIOD 3
GOAL # 5 13 2.0 OF MECH BTLI BY PERIOD 4

6-5



input _Lamnalana: The sourc? and rati onale for the

d -rern t input parameters are discussed in this section. The

major it. of these parameters which indicate that DEPLOY works

proper /. were the same as those used by Cooke. The airport

limitations ard unit weight were obtained from reference 2, along

iJ th tne a rcraot I im; tat ions and capabil i ties but were "checked

and modified b. HQ UJAF/SAGM." As a result of this. modification,

the C-5 UTE Rate was changed from the 5.5 suggested by the Army,

to 12 . 5 as suggested L, tne Air Force. The measure of front 1 ine

trace was "taken from doctrinal puLlications," while the anti-

tank capabil ity' was calculated "from TOE data for unit owned TOW

and E:FAGN we.apon sy's tems, ... using a value of I for TCW systems

and 0.5 for DRAGON systems." The firepower for the different

uni ts- Was not as easi 1/ obtained. Here, the firepower "was

developed from the relative firepower of units in a force-on-

force war game at the Army War Col lege." The actual data files

used are given in Tables 6-2 through 6-4, while the goals are

sh,,.n i n Tale 6-5. The qa s star t at the second pr i or i t ,

bec3use the first priori t' is reserved for the i nequal i t'

:rstr ai ct's. (7:31*,

-----------------------------------------------------------------------------

Table 6-2. Aircraft Data

5

TYPE NM.BR AVL DRCT APOD INTRA AE$N OUT OVER BULK PAX SF0 0, MHE FP PRK

C-5 60 .8 .0 12.5 ?.0 0.0 65 25 60 25 80 25 320 430 3.3 36 1 5
C-141 1-0 .3 .0 12.5 10.0 12.0 0 0 21 14 25 14 110 410 2.3 13 1 12
C-40 300 .3 .0 .0 4.0 .0 0 0 14 6 14 6 64 270 1.5 6 1 16
747C 30 . .0 i0.) .0 .0 0 0 60 0 90 0 0 430 3.6 36 2 5
747P 2) .3 .0 10.0 .0 .0 0 0 0 0 0 0 364 430 2.8 36 2 5

----------------------------------------------------------------------------



aansi!±ii± _. There are three sensl tit ty opt ions in DEPLOY.

The -.e opt i on.s :ak I -w the u.ser, to make spec i c ch anges to the

aircraft, AFOD, and deployable units data set. The changes are

made one at a time, from a menu of different possibiliti-E.

Furthermore, the particular data set can be viewed after any

change. To verif: the editors, each option was exercised and

the data viewed. In all cases, the data was correctly change,:

and placed in the program. Each of the sensitivity options were

verified usinq this method. An illustration of the sensitivity

porticor is given n the user's guide in Appendix A.

EAEE. This is the program used to allocate the resources

accord ing to the methodology of Goal Programming. In i ts ba.sic

form, PAGP was designed to read inputs interactively. Therefore,

-ince DEPLO"' and FAGF' are run separately, there was a requirement

to pass information via f i l es. Consider ing that PAGP was

ver f Id by Eunnell and Takacs in BRIK (4:77), the only

veritiction neces-sary was to ensure that the proper informati on

..... E pr-operI p aced. To confirm this, several write and print

statements were incorporated into PAG to check the passed data.

E, te-t ng di ,-feren t data s-_-e ts, the input parameters were

u i 1 / r e ia;ened as the program performed i ts allocation. S

-y in, in a, I cases the data was correctly input. Therefore,

FASF wa-- ve- fed for sma i problems.

This. .rt ison demonstrates the output of DEPLOY with

reasona3Le datr a. There are two main areas discussed in this

_ection, the input parameters ard the allocation output. 5

6-3
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varabie is specified. If the varia le is cargo aircra,t, ta-e

a;rcr, aft ty"'pe is given a!ong wi th the type of mission or

destination, cargo type and period of flight. If the variable is

a deplo-ed un it , the name is given along with i ts mode and time

period of travel. The mode of travel of a unit is discussed in

Chapter III under the variable and subscript sections. Further,

it the variable is a slack or surplus variable, no name is given.

An example of a constraint printout is given in Table 6-1. By

using this feature, several different data sets were entered and

the resul tinQ constraints e-ami ned. In all cases, the constraint

matrix correctly reflected the proper results. Therefore, the

matrix formulatior was verified.

Table 6-1. Constraint Output

THEATER SL'PPL I ES

Al J 33 1 2)= 0 .00000 C- AP OD UP 21
Ai J' •3 52)= 80 .00o00 C-5 AIREN SUPF 2
AIJ. 33 68) 2 , .00000 C-i 4' APOD SUPP 2
AI J 33 100)= 25.00000 C-141 AIREN SUPP 2

AIJ( 33 12?)= 90.0000 f 747C APOD SUPP 2
AIJ( 33 137)= -745.00000 AREN ETLN DIRCT 1
AiI," 33 141= .00000 AREN BTLN HO DIRCT I

AIJ( 33 145)= -2230.00000 AIR ASLT BTLN APOD 1

AIJ( 33 14P)= -2230 . 00000 AIR ASLT BTLN INTRA I

AiJ.t 33 153)= -2200.00000 MECH BTLN APOD I
AIJK 33 157) -2200.00000 MECH BTLN INTRA 1
A-. 33 161 1060.00000 1 5,'MM ART BTLN APOC 1
AIJ, 33 1 -10,60.00000 155MM ART B;TLN INTRA I
AIlJ 33 169)= -510.00000 F-16 SQON APOD 1

AIJ," 33 173)= -27T .00000 MOM TRUCK CMFY APOD I
AIJ 33 177 -365.00000 ALCE APOD I
AlJ 33 181= -365 .00000 ALCE-FRCNT APSE 1
AIJ( 33 125)= -365.00000 ALCE-FRONT INTRA I
Al' 33 1?0)= -1 .00000

AIJ( 33 18)= 1.00000

P~il 33)= 00000

- - - - -- -"- , ------ ----. 0-- - - - - --_- - --.
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This chapter discusses the necessary verification and

demonstration of DEPLOY. The verification portion of the chapter

will ensure the correctness of the model through a scrutiny of

the various para,,eters. The demonstration will show, with

reasonable data, that the model accomplishes its designed

purpose.

Va=wflza±±nna

This section verifies DEPLOY by considering three critical

areas. First, the correctness of the matrix formulation will be

examined to ensure that it properly reflects the goals and

constraints discussed in Chapter III. Next, the sensitivity

portion, which changes input parameters will be tested to ensure

that the desired changes are in fact made and not misplaced.

Final ly, the necessary input parameters for the al location

routine, PAGP, will be inspected for their proper placement.

.rj EamnlaLin . The matrix is comprised of the data set

entered by the user and the mathematical equations discussed in

Chapter III. Therefore, the model assimilates the data given by

the user and develops the necessary constraints and goals. This

is a noteworthy feature of DEPLOY, which helps the user examine

the matrix formulation. The user has the option of observing the

constraints being generated at the terminal and/or reading a hard

copy of the matrix by routing the file "OFILE" to the printer.

The echo of the constraint is extremely easy to read and

understand. Following the title of the constraint set, the row,

column and value of the variable is given. Then, the name of the

6-1
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acdressed fir t in reIaticnship to tbe applict ion and then to

the usefulness of DEPLOY. Next, the input requirement; for the

model were examined. In the next chapter a demonstration and

verification of the model will be reviewed.

5-



EASKI,K) The relative ease with whhch cargo
K can be dcwn-loaded for air-
craft I.

CPI(L) The combat power indices for period
L.

NHA The amount of MHE in pallet equiv-
alents prepositioned at the
APOD.

NHF The amount of MHE in pallet equiv-
alents prepositioned at the
front.

MPA L The number of pal let equivalents
the ALCE can download.

The riggers' capacity to prepare
airdrop loads per day.

Table 5-3
Input Requirements for the Deployable Units

ULWAME(Y) The name of the unit.
r;JNT(Y) The number of units available for

deployment.
1-TC,"",K The equipment tonnage of size K for

unit Y.
NFPY) The firepower exhibited by unit Y.

INT<Y) The antitank force of unit Y.
NFTKY) The front line trace capability of

unit Y.
NTAC(Y) The number of fighter aircraft

assigned to unit Y.
NPK(Y) The number of fighters that can

park at the APOD.
NTF ( The ton-miles/day the unit can

transport supplies.
NT'J Y) The mi les/day the uni t can

transport itself.
TABKY) The airborne capability indicator.
rCI ,U) The combat uni t type of unit Y.

Table 51-4
Input Requirements for the Goals

ITYPE The type of goal.
0EJ The desired level of the goal

I IDP The desired period to accomplish.

£crnzlusion

Two aspects of the model have been di scus.sed in this

chapter. The restrictions and scenario limitaticns were

5-6
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i= in most models, a complete description of the entities. of

the mcdel iS necessary. The entities for DEPLCY are divided into

four mai n area-.; aircraft, APOC,, deplo/able uni ts, and go,'s.

Each area require. specific information, and is stated in Tables

5- through 5-4. Wi th this. information, the different

con Etrain ts and goals discussed in Chapter III are constructed.

Once these constraints and goal s are built, the information i.s

fed into PAGP to optimally allocate resources f-or the established

coDnstraints and goal s.

Table 5-1

Input Requirements for the Aircraft Inventory

ACNAMEKI; The name of the aircraft.
N Cl) The number of aircraft in the in-

v)en tory.
AAL () The availability of the aircraft.
UTE I J) The UTE rate for a particular

Smi ssi on.
KAR( -IK) The cargo carrying capabil ity for

different sizes of cargo.

KTS(I) The cruise TAS of the aircraft.
GT"I) The enroute ground time of the

ai rcraf t.
MHEI) The maximum number of pallets the

aircraft can carry.
NFEi) The first period the aircraft is

avai lable.
MFRK<I) The number of aircraft that can

park at the APOD.

Table 5-2

Input Requirements for the APOD Complex

D U SAF r:, The distance from the US to the
*I AFOD.

[:APEFT The distance from the APOD to the
front.

INTER-I) The round trip time for an inter-
theater mission for aircraft I.

I'-IT A I) The round trip time for an intra-
4 theater mission for aircraft I.

* p



v.ar a le.S and con-straints are significantiy reduced.

4. Al un i ts are immedi atel y avai I able and are loc ated Ir.

thie US. All units to be deployed are read- for deployment at the

beginning of the first period. Also, the car-go and troops are

c.-n=.idered to be in a central location.

5. A constant daily amount of supplies is nececsary. In

o:r-der to sustai n a unit once i t has deployed, onI y a

predetermined constant amount of supplies is necessary. There is

no provision for a changing supply requirement for deployed

units. Furthermore, it is assumed that each unit has sufficient

suppl ies to sustain itself until the following period.

6. Intratheater specific aircraft are not deployed at the

AFOD. Ai rcraft such as the C-130 that sp.c i al i ze in ntratheater

air] ift are deployed at an area different from the APOD. If this

were not the case, "the ramp and serving requirement would

restrict the capability of the APOD to handle strategic airlift

in th- theater".(7:81)

The r-.t io o combat to combat support units is set to at

least 1:I. Th is rat io is explained in Chapter II) under the

section labeled Unit Linkage. Furthermore, this ratio can be

easily changed by altering the code in subroutine CONSTR under

the title Combat and Combat Support.

8. Airborne deliveries originate from the U.S. Uni ts

0
delivered via airdrop arrive directly from the U.S. There is no

capacit/ to load the airborne cargo at the APOD. Also, airborne

units can only be del ivered via airdrop. Therefore, if there are

ano airdrop capable aircraft, no airborne units would be deployed.

5-4
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a. . ws the user to. perform two po.ssible types of a. i-.;:

optimal accomplishment of certain Army objectives and also

determination oT the minimum force structure is nece.-ar/ to

accomplish the goals c-f the Army. Finally, DEPLOY has made the

model more f1lex.ible than that demonstrated by Cooke. Each of

these accompl ishments will be discussed in detail.

W.mpia±zr Eafla : DEPLOY permits the user to eas;l, de.,ne

the desired force structure and APOD data. The forc- structure

is ccmprised of: aircraft and Army and Air Force units that maW

participate in the deployment. Each aircraft and unit has

specific characteristics specified by the user to define the S
pro lem. Data contai ring the force structure and AFOD data ma;,

be entered interactively or from a user-defined file.

Furthermore, DEPLOY all.ows the user to make certain changes to

the entered data, thereby saving the user the time neces.ary to

re-enter the complete data set to make minor changes.

U~pe c Lal 4Ri-: DEPLCY performs two types of analysis.

The first type of analysis determines the degree to which the

Armx o sa can be met with a given fleet o-f aircraft and

deployable units. The Army goals specify levels of frontline

t-ce, anti-tank power, and fire power. In addition, an Army

-c.. ma include the transpc:r t of a certain type of uni t to the

rOrMt. For instance, a goal may be to posi tion two mechanized

tattal ions to the front by the tenth day of battle. Each typ.-e of

goal considered in the anal;ysis is determined Lby the user along

with the priority, level of attainment, and period of completion.

7-2'
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The second type of anal ys is determines the mi n mum force

structure necessary to acccmplish the given Army goals. Here,

the Army goals become hard constraints while the aircraft become

the goals to minimize. When performing this type of analysis,

the user has the option to treat all aircraft types equal or toj

weight the aircraft according to cost or any other means. By,

allowing the user the option of two types of analysis, DEPLOY is

more versatile in meeting the needs of the analyst.

Eiabiiii±: By having fewer restrictions, DEPLOY is more

fle:xible in reflecting the actual deployment of armed forces.

The model used by Cooke to demonstrate his methodology had two

Sretr iti or, that are not binding in DEPLOY. The two

res. ctinE are that intratheater airlift was "limited to moving

bulk cargo suppl, es" and ground travel time was considered equal

for all deployed units. (4:80) As a result of the first

restriction, the deployed units to the front had to be delivered

directly to the front or del ivered to the APOD and then required

to transport themsiyes to the front. If a uni t was unable to

tranaport itself r not airborne capable and there were no

direct delivery aircraft available, the unit could not be

4 deployed. An example of a unit that is most likely unable to

tr-ansport itself and is not airborne capable is an ALCE unit

deployed to the front to help facilitate the incoming aircraft.

4 DEFLOY removes this restriction and al lows units, to be

tranaported to the front via intratheater airlift. The second

restriction analyzed shows that all units may not be able to

transport themselves at the same speed. DEPLOY allows the user

to enter the distance per day that a specific unit car move and

7-3
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tr en c cu I ates. the time required to travel from the APOD to the

front. This allows the model to more accurately reflect the

individual units. DEPLOY then, is more flexible in its

reflection of the real deployment of troops than the model used

b,,y Cooke.

Et rcmmcon dAiU n .

Research is an iterative process and, therefore, extended

study would yield continued insight and practical application.

D:EPLOY is no except ion, so that the fol lowing recommendati on are

made for further research:

1 . ttri tion of aircraft and troop s. should be

addressed to determine the effects that it has on

deployment and sustaining the units deployed.

2. A full-scale model should be analyzed with DEPLOY

to determine what can be accomplished with the present

day inventory of aircraft.

3. Analysis should be completed to examine Right Hand

Side (RHS ranging along wi th other types of

sens i t vi t'/ ar;al s is.

4. PAGP should be corrected so that it can be used in

conjunction with DEPLOY.

7-4
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APPENDIX A

This guide will familiarize the user with many of the

features of DEPLOY. It will proceed through DEPLOY according to

the various model function sequences.

DEPLOY was developed to be "user-friendly." The definition

of "user-friendly" is taken to mean that anyone with the

necessary data and a limited background in either computer or

mathematical programming could use the model. Since DEPLOY

displays prompts and menus on the screen to guide the user

through the model's functions, the user needs access to a

computer equipped with a monitor.

Many of the prompts which appear on the screen are questions

that require answers. Realizing that a user could input an

illogical response or incorrect data, the model incorporates many

internal checks to guard against these possibilities. An example

of a check can be found at any yes or no (1=y/O=n) question. If

the user responds with something other than a I or- 0, an error

statement is issued and the user is asked to enter in a proper

response. Also, the model discourages the user from inputting

inappropriate data. For example, probabilities are accepted only

if They are between zero and one, inclusive. Again, if the data

is out of range, an error statement is given and the user is told

to enter in an appropriate probability.

This user guide is divided into four main sections. The

first section will discuss the process of conducting new

analysis. The defining of the goals will be reviewed in the

A-i ,,
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- second section. Then, in the third section, the sensi tiviti

capability of DEPLOY will be discussed. Finally, the allocation

output will be explained.

U , w n1fLna_2S.L

DEPLOY permits the user to input data interactively or

through user-designated files. The input data is divided into

three subsections: aircraft data, APOD data, and deployable units

data. This section will describe the type of data needed by

DEPLOY for new analysis.

Data is entered in the following order: aircraft, APOD and

deployable units data. Since DEPLOY follows the same basic

operation of input for all three data types, the following

explanation applies to all three data sets. The first decision

the user must make is whether the data is to be entered

*interactively or from a file. If there has not been any previous

analysis which created a usable data base stored in a user-

designated file, the data must be entered interactively. If the

data is entered interactively, DEPLOY will guide the user with a

series of questions. These questions insure that the required

data is input in the correct format. After the data is entered,

either interactively or via an external file, the user has the

option to view the data set.

It is possible tc build a data file independently of DEPLOY,

but it is e-.sier to input the data interactively and allow the

model to build the external file. If the data base is input from

an external file, the user must insure the file exists prior to

operating DEPLOY. If a data file is built, its name must be less

than seven characters long. Since the file must be formatted, it

A-2



is easier to allow DEPLOY to create the file.

The rest of this section describes the input requirements

for the three types of data bases used in DEPLOY. Each section

will list and briefly describe the required parameters of DEPLOY.

airnaLft In~put.: The data for the aircraft may be entered

interactively or by an external file. An example of an aircraft

data file is in Table A-i. The following is a list of required

aircraft data:

Aircraft name -- Maximum of 6 characters.

Number of aircraft -- Integer, format limit = 999.

Aircraft availability The percentage of aircraft in the
fleet that may participate in the
deployment. Real, between 0 and I,
inclusive.

A ircraft UTE rate Real , between 0 and 24 hours/day,

inclusive.

Cargo capacity The tonnage capacity of the aircraft
for out, over, and bulk sized cargo
along with the number of passengers
that may accompany the different cargo
loads. Also, the number of passenger
capacity without any cargo load.
InteQer, format limit = 999.

Aircraft speed True Air Speed (TAS) of the aircraft
in knots. Integer, format limit = 999.

I Aircraft ground time -- The ground time in hours to off-load,

up-load, and refuel the aircraft at
the APOD or front. Real, format
limit = 99.

Pallet capacity The maximum number of pallets the
aircraft can carry. Integer, format
limit = 999.

First period to deploy -- The first period the aircraft will be
available in the deployment. Integer,
format limit = 9?.

A-3
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Aircraft ramp space The maximum number of aircraft that
can park at the APOD with no other
types of aircraft present. Integer,

format limit = 999.

Table A-i. Example of Aircraft Data File

5
TYPE NIIBR AVL DRCT APOD INTRA ABRN OUT OVER BULK PAX SPD GTM MHE FP PRK
C-5 60 .8 .0 12.5 9.0 9.8 65 25 60 25 80 25 320 430 3.3 36 1 5
C-141 180 .8 .0 12.5 10.0 12.0 0 0 21 14 25 14 110 410 2.3 13 1 12
C-130 300 .8 .0 .0 4.0 .0 0 0 14 6 14 6 64 270 1.5 6 1 16
747C 30 .8 .0 10.0 .0 .0 0 0 60 0 90 0 0 430 3.6 36 2 5
747P 20 .8 .0 10.0 .0 .0 0 0 0 0 0 0 364 430 2.8 36 2 5

ARM 1n3 n±: As in the aircraft input section, data may be

entered interactively or by a user-designated file. An example

of an APOD data file is given in Table A-2. The following list

contains required APOD and miscellaneous parameters.

Distances -- The distance from the U.S. to the APOD
and from the APOD to the front in km.
Real, format limit = 99,999.

Intertheater turntimes -- The time required in days for each
aircraft, from the start of one
intertheater mission until the start
of another intertheater mission
immediately following. Real, format

limit = 10.

Intratheater turntimes-- The same as intertheater turntimes,
but for intratheater missions. Real,

format limit = 10.

Off-loading cargo ease -- The relative ease with which a
specific size of cargo for a specific
aircraft can be off-loaded. Real
between 0 and 1, inclusive. The

default value is I.

Combat pcwer indices -- The time-dependent portion of
firepower. Real , format limit 99.
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Prepositioned MHE The amount of MHE measured in Pallet
Equivalents (FE) prepositioned at the
APOD and the front airfield. Integer,
format limit = 99,999.

ALCE capability The number of PE's an ALCE unit can
off-load in one day. Integer, format
limit = 99,999.

Rigger capability The number of airdrop loads the Army

rigger unit is able to prepare in one
day. Real, format limit = 99,999.

Table A-2. Example of APOD Data File

1. DISTANCES
FROM US: 7200.
FROM CORPS: 200.

2. AIRCRAFT INTER INTRA OUT OVER BULK
C-5: 1.5 .2 1.0 1.0 1.0
C-141 1.5 .2 .0 1.0 1.0
C-130 .0 .2 .0 1.0 1.0
747F 1.5 .0 .0 1.0 1.0
7470 1.5 .0 .0 .0 .0

3. COMBAT VALUES OF UNITS CLOSING
PERIOD 1 2.5
PERIOD 2 1.8
PERIOD 3 1.3
PERIOD 4 1.1

4. MISCELLANEOUS DATA
MHE AT APOD 500
MHE AT FRT 500

ALCE CAP 600
RIGGER CAP 430.0

Deplnabl2a Units Inpu±: As in the previous two cases, the

data may be entered either interactively or via an external file.

An example of a Unit Data file is given in Table A-3. The

following list contains the required input data concerning the

units that may be deployed.

Unit name -- Maximum of 14 characters.

Number of Units -- Integer, format limit = 99.

Equipment of Units -- The tonnage of equipment in different

cargo sizes (out, over, and bulk).
Integer, format limit 99,999.
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Personnel in Unit -- The number of personnel assigned to
the unit. Integer, format limit 
99,999.

Unit consumption rate -- The consumption rate of supplies by
the unit for one day. Integer, format
limit = 9,999.

Firepower of Unit -- The amount of firepower the unit
displays. Real, format limit = 99.

Anti-tank power -- The amount of anti-tank power
displayed by the unit. Real, format
limit = 99.

Front line trace -- The amount of defense frontage the
unit can maintain. Real, format limit
= 99.

Fighter Aircraft -- The number of fighter aircraft
assigned to the unit. Real, format
limit = 99.

Ramp space used -- The maximum number of fighter aircraft
only that can park at the APOD.
Integer, format limit = 99.

Transport capability The thousands of ton-miles/day the
unit can move supplies from the APOD
to the front. Integer, format limit =
99.

Unit speed The distance a unit can move itself in
one day without any assistance from
another unit. Integer, format limit =

99.

Table A-3. Example of Unit Data File

8520

TYPE NUMB OUT OVER BULK PAX SPL FP AT FT AC PK TP TV AB CI
ARBN BTLN 9 0 1400 268 1400 149 4 19 4 0 0 0 20 1 1
ARBN BTLN HQ 3 73 0 0 305 0 0 0 0 0 0 0 20 1 -1
AIR ASLT BTLN 9 152 990 574 1960 446 6 28 4 0 0 0 18 0 1
MECH BTLN 9 2055 3885 151 2052 440 8 40 6 0 0 0 14 0 1
155-t ART BTLN 3 139 1243 91 710 212 3 3 0 0 0 0 12 0 -1
F-16 SQDN 3 0 249 155 472 102 8 36 0 18 48 0 0 0 0
MDM TRUCK CGMPY 3 1098 405 270 250 55 0 0 0 0 0 182 40 0 0
ALCE 2 176 2213 244 400 73 0 0 0 0 0 0 0 0 0
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DEPLOY performs two types of analysis. The first type of

analysis determines the degree to which the Army goals can be met i

with a given fleet of aircraft and deployable units. The Army

goals specify levels of frontline trace, anti-tank power, and

firepower. In addition, an Army goal may include the transport

of a certain type of unit to the front. For instance, a goal may

be to position two mechanized battal ions to the front by the

tenth day of battle. The second type of analysis determines the

minimum force structure necessary to accomplish the given Army

goals. Here, the Army goals become hard constraints while the

aircraft become the goals to minimize. The menu of the choice of

analysis is given in Table A-4. When performing the second type

o! analysis, the user has the option of treating all aircraft

equally or weighting the aircraft according to cost or any other

means determined by the user.

Table A-4. Menu of the Different Types of Analysis

WHAT QUESTION DO YOU WANT ANSWERED? SELECT ONE.

1. FORCE STRUCTURE- USE THE LEAST NUMBER OR LEAST
COSTLY AIRCRAFT TO ACCOMPLISH THE ARMY MISSION.

2. ARMY ACCOMPLISHMENT- GIVEN A FORCE STRUCTURE,
ACCOMPLISH THE ARMY GOALS AS BEST AS POSSIBLE.

Once the type of analysis has been determined, the different

Army goals must be defined. The user has the option of

specifying levels and completion times of front line trace, anti-

tank power, and firepower along with a specific type of unit.

An example of the menu to define the goals is. given in Table A-5.
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The first priority goal is reserved for certain constraints,

therefore, the user may define goals from 2 to 11, or 10

different goals. The following list contains the information

necessary to define the goals:

Type of goal -- The specified goal from the list of

possible goals.

Level of the goal -- The amount of the goal desired. Real.

Period of completion -- The desired completion time period of

the goal. Integer.

Table A-5. Menu to Define the Goals

SELECT THE GOAL TYPE FOR PRIORITY 2

-- 1 FRONT LINE TRACE

-- 2 ANTI-TANK POWER
-- 3 FIREPOWER
-- 4 ARBN BTLN
-- 5 ARBN BTLN HO
-- 6 AIR ASLT BTLN
-- 7 MECH BTLN
-- 8 155MM ART ETLN
** IF FINISHED TYPE 0

After the goals have been defined, the user may view the goals

that were defined. Table A-6 is an example of defined goals.

Table A-6. Example of Defined Goals.

GOAL # 2 IS 25.0 OF FRONT LINE TRACE BY PERIOD I
GOAL # 3 IS 60.0 OF ANTI-TANK POWER BY PERIOD 2

GOAL # 4 IS 180.0 OF FIREPOWER BY PERIOD 2

GOAL # 5 IS 2.0 OF MECH BTLN BY PERIOD 2

This section describes the three major sub-areas of a

sensitivity analysis or changes in aircraft data, APOD data and

deployed units data. To determine the data set to be altered,
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the u-er se e te the deeired option from the main menu of

sensitivi ty analyXsis. The main menu for the sensitivity analysis

is given in Tatle A-7. Once the user selects the desired option,

he will be asked if the data set to be altered has been input

either interactively or via an exter:,al file. If the data has

not been entered, the user is directed to enter the data set.

Once assured that the data is in DEPLOY, a submenu is displayed

from which the user directs the appropriate changes. The

submenus' are given in Tables A-8 through A-10.

Table A-7. Sensitivity Analysis Main Menu

SENSITIVITY MENU

1. AIRCRAFT DATA:
- DELETE AN AIRCRAFT.
- CHANGE NUMBER, AVAILABILITY, GROUND TIME.

2. APOD DATA:
- CHANGE DISTANCES, TURNTIMES, COMBAT VL.

3. ARMY DATA:
- DELETE A UNIT.
- CHANGE NUMBER AVAILABLE.
- CHAINGE FIREPOWER, ANTI-TANK, FRONT LINE

TRACE VALUES.

Table A-S. Aircraft Submenu

AIRCRAFT CHANGE SUBMENU

1. DELETE AN AIRCRAFT.
2. CHANGE THE NUMBER OF AIRCRAFT AVAILABLE.

3. CHANGE THE AVAILABILITY OF AN AIRCRAFT.

4. CHANGE THE GROUND TIME FOR AN AIRCRAFT.

REPLY 0 IF NO MORE CHANGES DESIRED

A-9
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Table A-?. APOD Submenu

APOD CHANGE SUE:MENU

- . CHANGE THE DISTANCE FROM THE US TO THE APc-D.
2. CHANGE THE DISTANCE FROM THE APOD TO THE FRONT.

3. CHANGE THE COMBAT VALUES FOR THE PERIODS.
4. CHANGE THE MHE PREPOSITIONED AT THE APOD.
5. CHANGE THE MHE PREPOSITIONED AT THE FRONT.
6. CHANGE THE CAPACITY OF THE ALCE.
7. CHANGE THE CAPACITY OF THE RIGGERS.

REPLY 0 IF NC MORE CHANGES DESIRED

Table A-I. Deployable Units Submenu

ARMY CHANGE SUBMENU

1. DELETE A UNIT.
2. CHANGE THE NUMBER OF UNITS AVAILABLE.
3. CHANGE THE FIREPOWER FOR A UNIT.
4. CHANGE THE ANTI-TANK POWER FOR A UNIT. 0
5. CHANGE THE FRONT LINE TRACE FOR A UNIT.

REPLY 0 IF NO MORE CHANGES DESIRED

The final section of this chapte r will examine the output,

or the allocation routine for DEPLOY. Because of the common

block size limitation of ASD's CDC-750, DEPLOY and the allocation

routine are two separate programs. Therefore, files are used to

pass the needed information from DEPLOY to PAGP. There are three

such files, TFILE, IFILE, and IDFILE. After these files are read

into PAGP, and the goals are optimized, the results are written

to the file GPANS. Each of these files will be discussed

separately.

A-jO
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IEL1_E: this represents the "top" file, as it contains the

necess ary initial information for PAGP. The different input

parametrs defined in TFILE are as follows:

1. The number of priorities considered.
2. The number of variables.
3. The number of equality (real) constraints.
4. The total number of constraints (real and

inequalities.).
5. The number of named variables.
6. The number of constraints for each priority.
7. The deviational variable to be minimized.
8. The weight of the deviational variable.
9. The number of non-zero variables in each

constraint and goal.

Once these parameters are read into PAGP, the coefficients of the

variables are inputted.

IEILE : This. corresponds to the "input" f i 1 e , as i t contains.

the values of the non-zero coefficients in the constraints and

qoals. It was decided early in the project to read in the non-

zero terms because approximately 94% of the matrix was zero.

Therefore, to correctly determine where in the matrix the non-

zero coefficients should be placed, the rcw and column were

soeci fied. The format of the file contains two integers followed

by a real number-. The i n teQers speci fy the row and col umn

respectively, while the real number is the coefficient value to

be placed in the matrix . As- a check, the row value read in was

ccmpared to the row on which PAGP was presently operatin. I-

the two row values were di 4 ferent, an error message was issued

and the proram aborted. Finally, by iFILE containing only the

non-zero coefficients, the file creation time was reduced to one-

fi-fth the normal creation time, and the storage space was

decreased to one twelfth the normal size had all the zero end

non-zero terms been included in the file. The smaller storage

A-Il



AD-Ai52 067 DEPLOY: AN INTERACTIVE GOAL PROGRAMMING MODEL FOR THE 2/2,
RRPID DEPLOYMENT OF..(U) AIR FORCE INST OF TECH
NRIGHT-PRTTERSON AFB OH SCHOOL OF ENGI. D 0 TATE

NCRSFE 86DEC 84 AFIT/GOR/OS/84D-i4 F/G 15/7 U



1.

1 111112.2

MIv - RI SOLUPIj?' lf Sl CHART



space allowed the file to be saved for future anal'/sis.

I£LEILE: This represent-, the "identification" file, as it

identifies the variables with a specific name and meaning. By

inputting the names of the variables, the output is much easier

to read, as the values of the variables are matched wi th the name

of the variable.

EEU : The final file to be discussed is the output file -

which means "GP answers." Here, the subproblem or the last

priorit> with which the optimization concluded is specified along

with the number of constraints that were considered. After this,

the non-zero decision variables and their values are specified.

The last prtion contains the achievement of the different

priorities in relation to the desired achievement. An

explaination of the output i s given in Chapter VI along with an

example of GPANS in Table 6-6.

A-I 2



-- 1

APPENDIX B

ACFINC -- Called by CHANGE and makes the desired changes in the

aircraft data file.

ACINF Reads aircraft data from an external user-defined

formatted file.

ACINS Allows the user to enter aircraft data interactively

and save the data in a user-defined formatted file.

APDINC -- Called by CHANGE and makes the desired changes in the

APOD data file.

APDINF -- Reads APOD and miscellaneous data from an external

user-defined formatted file.

AFDI NS A lows the user to enter APOD-related data

interactively and save the data in a user-defined

formatted file.

ARMINC -- Called by CHANGE and makes the desired changes in the

deployable units data file.

ARMINF -- Reads deployable units data from an external

user-defined formatted file.

AFMINS -- Allows the user to enter deployable units data

inter actively and save the data in a user-defined

formatted file.

ELVFM; -- uI lds the pointer matrix from with each variable is

assiqned to an aircraft, unit, or a slack or surplus

var i abl e.

CNSTR -- Builds the inequality constraints from the inputted

data files.
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DCGE -- Displays the possible options to alter input data, and

then calls the necessary subroutine to alter. the cata.

FMAT -- Formats the files for PAGP.

GOALS -- Builds the goals determined in MGOAL.

HEADER -- Prints the name of the program when the program is

star ted.

LIMITS -- Answers the following three questions:

1. What is the largest size of cargo that can be

delivered directly to the front?

2. Are there any aircraft capable of airdrop?

3. Are there any airborne units?

4 MGOAL -- Displays the different goal options and solicits the

goals from the user.

POST: -- Called after- all the changes to the data have been

made in CHANGE and asks if the all the necessary data

has been entered. If all the data has not been

entered, the subroutine directs the user to enter the

appropriate data or data files.

PFNT -- Called from CHANGE and prints on the screen the data

file currently being worked on.

REALC -- Builds the equality constraints from the inputted data

files.

SORTIE -- Builds the sortie constraint for the aircr-aft.

WRIT -- Called by CHANGE and writes the desired data file to

an external file.
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AIJ-NE&,IP) The matrix that contains the constraints.

AVAIL(I) The percentage of aircraft of type I that is
available for the deployment.

CPI(L) The Combat Power Index associated with period
L.

DIST(N) The distance from the US to the APOD for N=1
and from the APOD to the Front for N=2.

EAS(I,K) The relative ease with which cargo of type K
can be offloaded from aircraft type I.

FNAME The file name.

4 GLS(N,J) The matrix which contains the information
about the different goals.

GT(I) The ground time of aircraft type I.

IAB(I) An indicator variable for airborne units.

IDFILE The file that is created to identify the
variable number with a name.

I YE The number of units that are deployed to the
front.

KARG(I,K,N) The tonnage capacity (N=1) or passenger
capaci ty (N=2) of type I aircraft for type K
cargo.

KG The matrix that contains the names of the
different cargo types.

F KTS(I) The TAS of type I aircraft.

LL(I,N) The lower limit of missions (N=1) or cargo
type (N=2) of type I aircraft.

LMT<N) An indicator for the largest size of cargo
that can be transported via direct delivery
M1=1), or an indicator variable for airborne
capable aircraft (N=2) or units (N=3).42
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LP The per iod length in days.

LPR('N' The pointer array for the slack and surplus

variables for the Rigger Constraint.

LPS(N,K,L) A pointer matrix for the slack and surplus

var i abi es.

LPSL(L) A pointer matrix for the slack and surplus
var iabl es.

LPU(I,M,L) The pointer matrix for the different

deployable units.

LPX(I,J,K L) The pointer matrix for the different aircraft
types.

LU(I,N) The upper limit of mission type (N=I) or cargo
type (N=2) of type I aircraft.

MD(M) The matrix that contains the names of the

different modes of transportation.

MHE(I) The pallet capacity of type I aircraft.

MEKJ) The matrix that contains the names of the

different missions.

NAC( I) The number of type I aircraft i n the
inven tory.

NAME(I) The matrix that contains the name of the
different aircraft types.

NATI) The amount of anti-tank power that unit type I
projects.

NC(I) The number of constraints in goal I.

NCI(I) The combat indicator to distinguish between

combat and combat support units.

NFPFI) The amount of fire power that unit type I
projects.

NCR The number of real (equal i ty) constraints.

DI'JINEQ, The deviational variable to be minimized for
constraint number NEQ.

NE& An index variable for the equations.

NFP(I) The amount of fire power that unit type I

projects.
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NFT$i) The amount of defensive frontage that type I

unit can maintain.

1 NHA(N) The amount of MHE prepositioned at the APOD

(N=1) and at the front (N=2). S

NHO(N) The position of the headquarter units in the
uni t array.

N![: The number of named variables in the file

IDFI LE.

NMAC The number of different aircraft types

considered in the model.

NP The number of periods considered in the model.

N4IAL The number of pallet equivalents the ALCE unit
can offload per day.

NPK(I) The number of type I aircraft required to

saturate the APO:'.

NPRIT The number of priorities in the model.

NF'FY, ) The maximum number of fighter aircraft

assigned to unit Y that can park at the APOD.

NTHNEQ) The number of nonzero terms in equation NEQ.

NAC-K) The number of fighter type aircraft assigned

to unit type Y.

NTCN(I,K), The number of tons of cargo type K per unit I.

NTP(1) The number of ton-miles per day that unit type

I can transport suppl ies. 7
NT' I' The number of miles that unit type I can move

per day.

UNIj1TE The number of units considered in the model.

NUNT(I) The number of type I units.

N.JGT(NEQ) The weight of the deviational variable for

constraint NEQ.

OFILE The output file that contains the constraints
in readable form.

P C The capability of the riggers.

PHS (NECQ The right hand side of constraint NEQ.
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TINTER(I The turn tm. e for a Ircraft type I on an

inter theater mil S- E or -

TI NTRA I The turntime for a ircraft type I on an
in tr a trneater mi -. ,rn

UNP EKI The matrix that contains the names of the
di4iferent uni t=..

UTEK ,I,J' The UTE rate for type I aircraft on mission
t ,pC 3.

40
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- -_ -,--

* -

4 .Rp:1 7 I-4 RTH E"IER TO THE AFOD.

REA2 ,4T.t T,2E.
7: ! .. , _I2 .T .c.R.UTEA ,2< .T-..,) THEN

T 7N A 17 UT E TE. 0 U LITE 24

7O! T 4€
E E: I F

4TW -1 . HiER TO THE FR, -T.'

IT E 3) , . . , .U. ' ,I , -' . 2. ;

PFFItT ,7 C17 "t L:D ITE RATE. (0 < UTE 24 .

47

4: P:PT -* , AI.',r-1.CP T , TnE F,.- 4

RE." *UTE(7 4
IF, 'UTE, ,4) .IT.O .01F.U-TE " ,-. .0-,T.24. - . ;

I : " u A % ET RL, ' ,

T.-T 47

P G * T :--:4 - :.

F -. ,- C-

G. 7 2:.,:-. L, L

*, , r ' 7 r- 7-
-L- ;i;

R - 1,JI.- -E..

PE: s7T PZ UF:- + iF"_T T: E AE.P C C.i:F K ] i I  ,J " E :- ' _-', - ,-

,z:: , 4 , 7 -.G -,4 2

"- , *

:'7 T';!: T-~-- - - - - - - -4----

P.h 1 - * zU :J ..... - f!-iE ' -:. £ *... . .- r .. .- - - -

-- ,- 1 : I,

- FE-: *. T," ,

?E C ",7HEE

R - -...... - "7Z: + "-L :.Uit T. r~ - ". . 4 . .- .. - E

[: - ' .



- -. . " ', , 3 C~ ,. :- - - i -. " . E . -. '," = . - ' - - - . .'..- -

(01-1.- ,4-N 77- -,> 7-L

FJRE .- *N E:

*. THEN
'.Oi; * '4 A w' iD REPLY, PLEASE ENTER (1=( 0=,.'..,

G TO 10
END* I F
I F,NRES. EO. 0U STOP

L .  A DE IF DE-IRE TO SAE JT A IN A FILE
U

PRINT *, 'DO YOU T', THE DA S:ED 7IN AN EIK.'.TERNAL FILE:;',,0=N.)
12 RE."D *,NSAYE

IFK"A'q 'C,,E.GT. .OR.NS.i1,,E.LT.0) THEN
PRINT *,'NOT A vALID REPLY, PLEASE ENTER - =-: /O=;i
O TO 12

END I F
i-,,NbAYE.EQ.I) THEN

PRINT *,'ENTER THE NA'rIE OF THE FILE YOU ,A-T THE DATA SAVED (6
,CHARACTERS MAX) '

RED 2 ,' E
OPEN ,K 1 5, FI LE=FA 1 E,

REW. I ND, 15)
EN.D IFP

_ ST A T THE INP UT PROCESS
U

PRIN-T

FR:NT *,'I A READ TO ACCEPT YOUR INPUTS, AND WILL PR!-i YCU FOR--
C THE DATA.' )

PRINT *
PRI-T A F "'
PRINT *,-- E- - ' -0'P--- - - - - - --- AI-RCRAFT D T ....-- --

F ' :,iT
R::E F

F:."i *,":.;L;T TH RC.. 'FT . Z .-. * it Ft I-:EL* iiF- T ."
,R L' 2,Fir :

TFFI .-,E..0' 0 TO 20

NAME' T :;=FI RST

PR: , * * . F.I THE iLM-SE OF ,. E: I ' IN THE i,';E:T 0  R
REf-.D *,Nr'Q
PE: NT *
P R 4, 'INLT THE L IT' 0RE OF THE ,NANE:I . ,0.,)'.F, H ', ' Pj H _,,' T . ..T

-1 rE--- * ,Aq . --I ' I

F ,AT iL'I K.LT.0.OR.AYAILI '.3T1' THE;
P p ; 'N9- A V'L::. RE-L"'* * ,' K? *'.': . .

E-E IF

-:, T THE VE J 9. .-P - E -L . .- "
D R EL ','E



CLOS.E ( 'K .

IPFK1. ED,) -THEN

PRINT *,'ETER ANY CHA4RFCTFE TO CONTINUE.
READ 2,FNAME

END IF
C
C** FCE 'A" ETAT EH'EPJTB
C

2

F4. F: 7 7-
F't -A. , ,.,,: 4 ,GFfrA,>J.1:3," 21, ,t" , 4I4,F4.1 ",i.3. .4
- A 4, F I . . f. . I / ,, ! .:' , .3.3 . .3 , 1 4 14;F

C
C

RETURHt

E' 44

SELEFBO T itjE A ..... J-
C

" T , F F'LE FO0R THE AtAL",S S

rri, : CT)Ot- ,A1Ekn *14, GNhE 3)* 4,S' 4 *5,KK5*4,

_ :R FIR TNAPE*6,TITLE*

. ,' '.. ,'NA C 10. AYAIL 10 U E n ,4! E ,1 4 nRG, 10 ,5,2 ,KTSi 10),
C T 0 -,HE- 10) ,NFP,! 0) ,NPRKA!0,
CO q,' CHR./N 41 E , LINAME GNAHE ,MS, KG ,MD

.... HE F:: .L ING DA I NEEDED FOR EACH AIRCRAFT.'
F::H *,-

7NT , , RCFmF NAME ---. 6 CHAR."-
17 ,MER OF AIRCRAFT --- K 1,000

U..F - :,,=::N 1 01.
PP T - !7 LITE R4TE FOR THE FOLL1,,ONIN-G MISSIONS:

PRN.,DRCT DEL IYER'J --- 24.0'
F :t *,-1 APOD DE: ;ERY --- 24.0-'

pRINT " INTRRTHEATER --- < 24.0'
p:,7nI- , 0OP --- 24.0'
PNT ..... 'TNNA, OF THE -'POLLONIN CARGO LONG 1,ITH PAC:
PFI4T 7 OUTSIZE --- 1 ,000/i00
FPNT 4, O -E RZE --- 1,000.,00
PIT *7 BULK SIZE --- ,0C0.,o
P-NT *,CAFACIT( OF PA., ONLY CARGO--- K1,000
PU;T * 'T4S OF THE AIRCRAFT',KTS) --- 000

1' ' URODN, TIME TO LiNLOD(HFSi--- 100.0
,- MAC<NU' TE. OF PAqLLETS --- 1,000'

..RST PER.OD AC IS. LAIBLE- # PERIODS'
. ,'E F AC PRK AT APOD --- 1,000

-- 4

P , M ' 4, U - 1 NOT HD'I,/E HLL THE AJE')E D&TA, (CU MAC TER"M> WTE

D-14



CHA RACTER NAME 'I I);:, HDO , NAME 46, sMNE I :, GNAME'.3 ;*14,
C MEK4)*5,KGK5)*4,MDK3)*

CIMCNIACF/NMAC ,NAC( 102 WP~ .0 ,UTEK 10,4) ,KARGK :0,5,2) ,KTS(I3.'
S T: :0> IHEK 10' ,NFPK 0 ,NRK:Q

O INNON.: H /NAN E ,UN AM E , sE ,ML., KG,MC
C
C*- FIND THE FILE NAMIE NV n THE CsTA

FRINT q
PRINT *<ENTEP; THE FILE NAME 16CHAR: NAX) WJITH THE AIRCRAFT OsAs.
READ 2,NM
OP EN': 10,FILE=FNAME)

C* * AiK IF THE FILE IS TO BE VIEWED
C

PRINT 9
PRINT *,Wi Di OUANT TO SEE T HE INPUT FILE? K =Y./0=N)

IF'I'U. G7T DR O IYLLT.SI' THEN,-
PRN *,'07 A VALID REPLY, PLEASE ENTER 'i(0/0=0Z~

Et REA ZTHE DATA FILE
c
90 READ '1 0,0rN4 AC

PCT N7 9
PRINT * ,NMhI.

PRINT 4,HD,
END IF

5 OC 6 1=; j!C
RlEz:, 4 0itNMl C,NA C)V i-n-I.... l, U TEKI,2),LI ... 'h i

c UTE 1 4),KARS(,IC ),KA-RS'I,1 2)KARiPI,2,1),RARSKI22)

KAR h 1 5, ) KARGK : 3 2

CC KA1 '4 VnPKAGI1,3,2iP'" VAPC , , V~l,KA(iXI,

c NP':I,NPRs -

I 'KIU.EQ.0 GO TO
FRI I, o,,N N.12,NACK I., A' AILKIi ,LTEKI 1) ,UTEi , 2),ULIE K113.,

52' :,!n P' >,3,2 2.RG1, .2.', KTS;I), BTKI' ,NHEKI ',

D-13



UPFITE 13 1~ 9= I P

RETURN4

ISL ER :2'7' "E L1

7 z: ,!1rHINEE- THE' L'MT,1 OF
c US-IRSEA GE Ti F E 0OF CAR3L TH'nT A DIRECT DELIV)ER> AC

CIZN" DELIVER4c L',, '2 IF THE-E AEr FMJ" 4'.T;:nC O Cr ;PiAELE A-C,;EL-z-=

CrtI~rN/CF/M~,AH.I130 j77, 3C 4' ,KHRG-' 10 5',,2 ,KTISK :

C ''"'CH' F1/NU ,iNUNOJ .0 N, A 11 , 5I1F PK 10) ,N&'17 Iu G N,N1>
qC t ,4ljC(' 10 NPKP 11 ' 1 ufl- i .1 , /11. 1 2 10' ,NC:, 10, I'Y NH(P-.

H.MM S ! , - -mrI

cCi 1' 3 i=~C
F IF:LL: ,137.1) 0T 12

IF IDE .E.% THE)]i
I1D
LNlT l 1 I,''
30 I TO

* ~END IF

EE -D I 72
CC:'

!FiAE(iT GE-' ~2 20

NY- N UEC

K 2 ~JF~h LMTK ,1

E.

o~~~~~~~~~~~~~~~~~~ 4...-.4.....4***.-.-4444 2-*r4.4...1*#~**



I.-I

DC] 60 1=-;,'

JR i TE 13 62LRU, . 12 J'NE : , M[I ,N
" _ . _ . " .. . ' ' F, '' . ' " tl , 1 ;,

IF% (LANS.E E3.0' G0 TO 60
PRiT 62! LPuI' :,M ,NI ,LOI;AhE. ' M.. .,, 1 , ,

13 CC. F 1 EE

C:, F- * ': : J, 3.J.,A14,2"< ,A5,13-:

C
C C C!r:, TN E

C-* FiR THE Ip--S'E' D ' ,R:.- \AE'N
C - FD3 THE SUFF' :-E."- ! D. ,APC

C-4 F]F QT O.E. BL PwE<, I SU7PPL El

[:, 12 ,5 K= ,

- C 7 T INC1 ::.4.) NC DIRECT DELIEI"RY NOR AIRDROP CAPABILIT'i

IZ.. 7 T E. i
i:.: I- ,,,r .... .C i: 00_- TO =7 A .E.O . N.1.. 0. E] -C
T 7,-., 2 .E I . . D. I E Q.S 3 "00 65

> FOR EACH FE,:ED
£. 0 66 N= 1,NP

LPS K , FLN I'KN1,J :. 7 :, 1 K, , , %.., I P, LPSI 1 K ,N)
41 . .. , GO TO 66

p
1 9  .LB(K

6 Cj HE LF:- ""
z -. COTI uE

,- -' FOFUT = UIE

L. ILD THE L
CC

LSL< I 1'-= 7 L

-, UAS.EQ.0 GO TO 70
P ;T I P LF:-L' ,

-70r C j',T i!"-i L,

FOR"AT'. CLPSK ' ,I ' )=',216.

;:: .... THE -mT,7;: FOR RI .3:E S LACK & SUF PLUS

DO '80 I=! ,NP

Laq "=IP

D-11
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0-~~4 FI EhWEO CRO

c-. 1-sP, 2-PE, 3=INTRA KEE 4=-2

DO 44 K=LT,27,Lj:2

C-- rF7 rEA A'vA-I' PiE PERIOD'
D45 L=N v 'P

NP (1 ,7)P-' ,J,K,L.' N&4ME.. ,... "K KK ,
NR'TE' 47,17)LD X I,,,rt-4E' : ,MSKJ ,RO(K) ,L

PRYN 17,P :~ , &"E,YlkK-n ,

I F ': ' Hf

-, i N' ME 7

45 CINTINVE

F:;0 o 1:7L:E

14- KDE C.F DEX~i;:: =FFUWT, 2= AMF-FRUtT Yjk2LK, AND 3=0P2D00L

Co-. E.X'><E urh7i74 THFE C: H- THE ?RPQQ 4=1.3
:4. VI:- DEil':ER (V=:, IF NO DIPECT DEISKER: TYPE AC
, ~ ~ :4 < E3.=; YF NC ZEN UNMTB CR Al RC Tt P AC

- ~ ~ ~ ~ ~ ~ G --- 7rI.. TO W

7, I60ht~ 1 : 5?

7-.4 2 G HO TO EQ15ST

tP- .4 1 GC 7. 5.

7 :"E.: GC T:



2- FnCTK 00 7

FIF V0 00EI,.E.O.O. GOT 24
IF (07E% , ,3). NE .3O THEN

LLI( 1 ,1>3
GO TO 24

IF(ARG' IF .3.)G' O2
IF (Ysu , 7 NE 0 .0 THEN

GO TO 2
END I F

PRIN7~~~ 0,RO 4hL AD

C** KND THE WRLM

LU' I)=

r IF KARG(TI 14) NE. W 0 T HE'-
LUL. ,2'-2

GO TO 30
K END I F

LiF GZK3

+. C'R(I3,).E..0 THC IMTT
,2 LE I T T=O

~~~~G TOJ TH30MT

C- 0LZ TH LIMIT-

: F ( LL( ,,.E- ~ I GO T 2C

k RN ER NL AD- Li
20 CNIU



I r r7C

K G 2 -1 )

I"I

K G DUL X
K3 4 = P"-. :"

K ' , '_ ,
=
"SL -

I MD,:I )= di H.7"_

S PC)

.: . " ' 3 "1

SE w E 0L:T SNEE..,lK,1>14".,N..E

-4* T7! BULS H P0ll,'TER MATRI

C C , T ER .i. 10. 4 6 L N H :1I)*1 ,G !.3>"r', .T - Sk4r. 4 5 v wr(% 4 4  rID': *c

GT,' 7 ,MHE i, * C, NF=,. 10.) --'
.

,

C .';, Pi F,. T3 7 T : 2> ,T !N- TER i1 '3. .T 1 N'~,17 0 ,_L,=_ ' . l , , 4:4 I M 4 7 f, .

1 0 NT I T B 2i'l
E,': FL.i , 214,NT'. ),"' 4, 4

-- N .. . C .' 1 .IW 7 ,' ,LU'I =, ,L.C<,: 14 U 4C

NTIlU'/ R/1 E L' ," EO iO GN ' I 1 E J ,,MS MC
T~ ~ ~ ~~5 NE- 0B H0
UE& C ~ 71"E,

F , T ST

Q** PND THE DiWF EN ' R-:!-OER1N:UPR7IMT

I , 4 2I t
F .DKD TH L.., "E I IITH P IN :- ",, ,,.I

:-.~ 07C 23 2= ,1:

7Z' 3, E 0 ,0. THE
!F ( TE I . . ..

L

.*G C 022 B
END iF

"7 LTE:3).M',E .0.0) THEN

00 TO 22
END IF]

i LL ,V I 1 =4_

GO TO 24

D--3
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44

244],[1: :J

C*" - " OEx THE Ki-R5 , ..... TLr H T, ,- -

DO 32 J=1,5

N 22 C , I TrK rr R-3.

T= I

Dr 34 4
D0 36 = ,

L0 1
__ Luli; ii-U

UTE , =0.0

:C. 30 K=,,4
DU 4 L=1,4

40 C 7.. ' , ilE
3',-C C 4 C I' iN L!_ E

NA' i 0

fKT S3'i, .>

MHE ,) 0
NFF, : 0 ,=

A-sH.' L I=0. 0
o' 0- 0
TA7R A =I .Q

Ii

NPRi I)

NT;P':T' =0

NT' L S

U :

1N FT '

NC '
N H' 1 : =3

:.J C .... .1 L,
DC' 42! I= ,9

7L.w , ,= -..:-" .

4 ". C . ... ..

C
,: Ej-,-3L>i - -' :: .'!- ;: HE DI c'EREbN ,! -O:HS, Kr34.0, 4ND MOD:ES

I



. .. . - . , . - . . . r -, °4 - . + ..- . , ., . ,: , . - - w+,. .-..-- .,. _". ,.-.... .. .-

PR:NT *, EL:L: T HE F.2"-- - -

RE-iD *, LANS
-. LZN,.4..EO.O) GO TO 9?

C BUILr THE F:LES FOP PA P INPUT- F i
CALL Fl'MAT

C2 FOR . . . ' .. .* * * * * , * .. .. * **,,t

E

-U F .ifT'JtE ,: 4 '.. "- A

A4 Ai AL EA FrI ri A AAA A." ' E A

C Hl. F'! CT7E NA M E. 10 * , L'tA E,' 11 14 GNM!EK 3) *14
CHRACE MS 4 E5, IG'9 ,44 ,K:'. 4
c r, c,,,,4- C ' 0 " " L tO ,LITE(IO,4 ,1KARG , ,, , ,Rr :I

C ~ ~ ~ ~ H GT: l , '4H ,: I 0l.:! rIFP-, 110) ,NPRK< (I0
C.":iMP'!~ ZN' - v T" , J INT E . 9'0) ,T i NT RH- 1:i0 ." E:.=,,'- !0 4 1 CF I,,-.

C* Hr ' 2 Nh- LL R0 ,....ETE

N150 ,, 0 2: P, 5,4 .

C N0 1'50, INC 0) U NU,, 50.1

C++ :; l17- ;  7-:' ,. THE : TERMS
r, C NIlR ' AL PA r;P'I E r :,,

NP=4

: ~7N- I ..

: " CU-iT :id
* 0r_* ZECnIE TE AU N RHETI

I P=O-

I C '. I 11 E

Di .1 = 3 1

C- 2 EZE ,C! THE A AND RHS-I,'ATR=!X
DO 2 2 1 I1,1 0

~DO- 24 J=1,0

-" -C - - - - -
o .•.. - .' . .". ++" , .0-



Fr: *,- EE. T : ,Jtr E - y ,,-MENFES
READ *,.N . RES.

£** CHAjoE THE A., ?EiZIT" OF AN AIRCRAFT

C FRUIT *, --- -"

43 .17 ThHE -IRCR F YOU DESE>E T',, CHANGE THE AKAILALI
OF.

I

-4 .: I rIrC
R: 1 I NAME . '

'42 C 't.;TIN4U
PRINT
PRIN.T , < I F NONE.'

44 RE * NRCES
IF :N E . NRES. GT .N4AC) THEN

PRIN *, [JUT A VALID RESPONSE: E"TER AGAIh.
00 TO 44

ENID ! F

I INI EE S -- E7 F,

4,l - - 'E I ... IIAE T 7 ,, .. CF THE ,NA E,,NRE ,

-L 0 R .:RE , I THEN

F'NCT A ' RE KNSE E:TER A (04 .. I

E iF

CCF

E RCRAFT U 0E- IR E TO C.-NE THE R,,NT I E

- -'4 -- -- --- --- --- -- --- --- --- --- -- --- --- --- --- --

5: - N-.E 07U
-_=:, i 1 - " T 0 1 ;'i E:-_

R *. r iP NNE

S iF E . N F . E'-- CT . C T H EN
NT i 2.3 ~ EF E E'E c-

GO TO 54
E . iF

: , E . E;_. >3 R -:;

F ['' *
m'h *, E~iTER: TH:E :.,Ettz' E-I F'Lt : TIME OF THE ,N1ENEB

FEs:. * ,O-IT),l.JPEE

!.C4.- TtTEET

r D- - '

-- . . z f i - - -- ._ _ _ _



5 FFh 0. Pr:A

7 FORMAT. ,F3.5. *
C

END)

S* * + - 4*

SUEROUTINE APJINF
E.

C*t READS IN AN EXTERNAL FILE THAT CONTAINS
C* !FRA:NACTTH TA0CARRF
uC NOMTO BU H ~a,

CHARACTER HDO(4)*2? ,SUBH(20y14 ,FIKAME*6
OHARACTER NAMEK10.*6,UNAME(11l*14,NAMEK2;*14
CHARACTER Mr&4)45,Kf'(c-t4,MD -''4

CON/Or. ACT 'NMACN& 0,VAL(0,UE q.K SI 'J5 f K2P C 10,
C u(10. ,NHE 10' ,Nr-r' U',NF'-( 1.)

Vu'. 10) iN' N7~ &V r' A ,'F p1 ,NA7 0 iF7

C NT"' SO ,V'T 3,C l,NWGT 15'.N&';' I5m ,N:

C44 FIND T'E FILE NAME WITH THE DATA

PI *,ENE THE FILE NAME (6 CHAR MAX)' WITH THE AGOD DATA.'

** AS IFV THE :E 3S 7: BEVEE

PR,.j * ,V YO 'WA NT TO SEE THE INPUT FILE? K 1=Y/0=N)-

PRITWC -~ AI AI RE:L K, PLEE ETE 07 I>f/0=N).

4--P :-7m ". 5E:wNIK& W7T4 THE F:RST MAJOR HEADING

*V - TC EE '''L''J

",' D&P

E"S



7r4E D:

J-t-. j- IE- I 62 S: BHT.z

C'?1J 1 -

C*4 4~ SUE:H I)7 H',,D I :j 1"

C

READ::'l 4'HCDG 2'

If'1,;U . ET4 HDGK12.1

C 14 -' I 3 I± -lSI ,2),E1
E.'L 3 S.CU3E H I +%2,T ITE RI -TINTK y

C E-,: S ,1I EAb' I± ' , 2 EAr1 ,>3

C VU ED -mP' T ,E7 4,~ H ESK D3
11,1 C> I+

CrPE 'rD1 REA IN .- U H -J NI) E F, C-TS CL7N AT TH7RN

IRK~ ~~. 1-1 E'1'&RN 4,H

RE', '' NI SUHIJSUHI,

OF H~V'. E R20S 7H 1 E CD I

E 1 ) PRIT 4 H, UHIt GCPKI

R5--- I~4 ID 4) , V H ,

D ,'! 7b I'

F4t 1- 12+ J IHKI

C-6' T-'E NiUEER O-1F PAL__? N fLCE LINIT CAN DOWNLOAD

--D' 11,1 9SL6HK -1 1 ,P"'L

-I

- ' E- CAI LIT7 P EP CAYJ D ET1ERMNE D

I



RES:i .i :i; .

IFI'U.EJ.1 THEN
PRINT 17,SUEH'20.',,RC
PRINT *
PRINT *,'ENTER ANY CHARACTER TO CONTINUE.-'
READ 2,FNAME

END IF
C

O.. F0RAT STATEMENTS
C

2 F I RK" <A ,_ :
4 FO0RM'! :A77 )
6. rF_,F .A 0 4,0F'.0)
8 FORMAT0A14,5F0.1 .)
9 F ORMAT('/..".//,'/////,'../////,/////,/)
17 FORM!ATQ14,F.5 .)
19' FORMAT&A14, ! 6.

C

RETURN

*E N

* 0++ PR'MP7T IFR' MATION FROM THE USER CONCERNING THE APOD
o 5_ 13AE LA UE"- T, .

C
RUNTPROT THIFR0N!T FON TEZE FOER THNERIS FILE A

PC N *, ' THSCL-.E FOLWNGDT I EDDTO H: I

CHARACTER HDG(4):*77,SUBH.120)*14,FNAME*6
CHARACTER NAME <i 0 ;*6,,UNAME ,'11! *14, GNAME ,: ,14
CHARCi-TER MS, 4):*5,KG(.5)*4,MD&3):*5

P7 T-,'iT ,4E IN.KM.FROM'

C"MMON" P1 SP(D,TiNTER1O ,,IN1A0,I00,EAS0I0 4,CF<:4,
F NH. 2),,"-PAL O TRC,N3LSTPE9PA)
F-I14Ni C HR,."'N4,r E M ISNAIEO, NSA E , M S, K1G ,0.0D

C0, PRA OUT THE INTFORMAT N NEEDED FOR THIS FILE
C

PRINT 4 E THE FOL,..W F CIATA IS NEEDED FOR HS P ILE:

PR:INT *,'D<STAN0CES IN KM FRO
PRINT ' US 7 APOD --UN< H100 00
PR:NT , AFPOD TO FRONT < 100,000
PRINT *, .. FN .N TIME 00U0 TR0P0 FOR EACH AC ON''PRINT * INTERTHEATER ISION- S <1.0

PRZIT 7 IN7RA, H-AER MISSIONS --- <I1 .0
F--N7r, " V:VbEAT VALUES FOR CL.....NG LUNITE FOR EACH PERIOD
PR:NT *- - 1O000
PR:NT *, '-HE H ........ MHE PFEFVS ..... ..A7

FTiN74 n" APOD IN' PALLET EQUIVALEN" :'TS, (FE; --- O100000
0F:47 *, F;L:N7T IN PE --- <100100a,

PRINT . .LCE CAEIIT>'.DA IN' PE 100,000
FR:NT ' 'R:GGER C,P.E:L7 TO PREPARE AIRDROP --- 100,000

D-23



. -- V ,.1 r'- . .. , -- - d "- °-- "" ° " -r r r - r r r r . ~ h * W*1 " -. - " "

z Z - F' - IE - - - Z . -7

-. : 7 *, ,, C i _. _ . - AEr T'ha:,4T.

1~ -, F,' E' S ... LT

G T
E- D-. .F

EE
IF, pC .E . ,STOF

c .R Ir E _ -T E.E OW- IC A F7

FF: TE
PRINT *, 2C "3L M..;HT THE O,> A tE.D_. I>, sr EJ-E;S.,,L, FILE>.:=(:,-'O

12 READ *,NS ..'E
.' OR.NS .E.LT.3, THEN

F':., \T,+'NRT A YSLID RE,. P,.EETE I-r
C TL 1 R.2: P ' E

G 7' I 2
E'Jl T

v r. I -.,E .EQ I 1 THEI
P IT *, EN ITER THE NAME OF THE F Y U ,A .T THE D. _A:.E '

CCHsRA:TERS M 'y,"
REA11D 2,F. E

OPENl C> LEFNAE:

END IF
C

C. START THE INPUT PROCESS
£

1=0
PRIN
pIINT * qI AM READY TO ACCEPT YOUR INFUTS, AND WILL P CM'.T Y F

C THE DATAM.
PRINT *

* FRINT *,
PRINT * , ENTERING THE A... DATA

. ... .T * , Z ET ; T H E D I STA C E .E , c.T - r ' 
A T h H E A F - D .

PEAD *D DSTi1

PRINT ,ETE THE DISTANCE INTEGER.' FOM AFOD TO FRONT.
PREAiD DrI ST, 2.)

N'
F' ir 'ETER THE TIM E, Y 7 -ETSEE> "' , J C- (REAL) FOR:

P I INTERTHEATER FOR THE NAME' I
REA *,TINTER' 2

RT *, IT ATHE,TER FOR THE ',NAME ,I
READ *,TINTRF,::

C C-IT HFE

C" " NPP! THE EA.E ,ITH 1,,4HICH DIFFERE'.tT T"YPES OF
'4 £S.PJC.440 IPO ,ET O BE UNLOADED

D-21

*.



*~~~ PR I NT q ICRF BE EA-S' ER: OtD
RE.AD *,NEAS

I'NE-,4'. L7. OR .NEiS .GT. 1I THENt..
PRINT * NOT A YAL! D AN SWljE R PLEAS'"E EN,-.TER(=0N
GO TO 16
END I F

IFK1NEAS.E& .0:. GO TO 11

PRIN * ~**..NOTE:
PIT 7 1 1., T HE IN UMBE R MS BE E--,2n:.Z. c D> 1
FRI NT7,> 2 ME MUSET BE IPUT RE$AIRDLESS: I F THE AC ISCH
I PABLE OF'
PIPC-R51M THE CARGO SIZE OR NO.'

PR~ * 7 r R T HE ' NAMEK) Jl WHjT IS T HE RE;AiQ F4C F
PRI~ 17 '7, OUT, ERP AN D BUliLK CAR GO?0

*. 3)dJ 31
FJ .LT.......... OR, cGT.S THEN.

14

C o T iE

P;N r47 'ENTi.ER THE CIAT &f L * O

P DT !TPROD~4

- : - - .

F , 'ET": THE TMHE -E: PEFBIiI xT E) AT THE:

* I FRCNT:7

P;1j7 c,1.IRTHENU E ;:E: :',7!:,= CF T-HEA ICE

* P~W 4
1 E>F7<NER? L>D. 0' JEA F THE RFGES

hE7"- * ,PC

Ct* A>'K P: THE F>-E ISTPE:)E~.

II'/ IL,) -:. 78

D' Z



GO TO 2:

F~r 'is ,. ' E E .n .  D .u .J ] .  RETURMl

C** SET UP THE HE?'A DI1 NG'S FR kE . AN D.,R C, P T H E Fi L E

C

HK I. D I S, TANC S '.
HDG2='2. AIRCRAFT INTER INTRA OUT OWER BULK'
HDGK .='3. COMBAT kALUES OF UNITS CLOSING'

ro HDG14),="4. MISCEL LANEUS U S DATA'

S SET LP THE SUBHE.'D IGS UNLE S N S A O. .ND I U,.

S , U B ' FROM US .:
SUBH 2)=' FROM CORPS:'
SUSHI, 2.:= PERIOD I"
SUH (4 PERIOD 2'
SUBH5:=' PERIOD 3'
SUE.4K ,. PERIOD 4'
SUEHKIT ' MHE AT APCOD'
SUBH,18.)= MHE AT FRNT'

*, FLH K - 3 M L C --i

. 7... THE F L= T CAPI

U4R,7, E 3'13, H.D G

LRT7EK! 3 ,6>oUBH'1 l DITXI
J,-T'13 6UBH' DIST:.2,

"P P , 7 T E ' 4H) TH D, . .2
41-' I= ,- C

S 7' 3, SBH: 3." ,I 7:,.17TEK I T* R i N 3, DG: : :

W P: 4 2'
DC, -4 l=! iNr,- 7Er.1 Z : HD .2

4IDO 48: I=i hi

R T-, H - N'
'AF, : ,4 HDG

Z DL 4E iH
TEE iE.1) ,EH TIK

24 1

I.,F:TE.; ,-,'PJEH.: 20',£

'TEE ' 1 ,I 3 -EH7t'

L0 24 I=
J.,F'TE, i ' , .A E- ' : ' J.. I ,T :>T-+ ..

II

._ - . . , ~ r- r .r - . : • t. a a ,. ._ . .... . .. . .. _.t. .



2o CONTI:NUE

C NEITEKII ,7)SUBH&ItO6),NHO?>
23 CONTINUE

WUP c I ISUEH(I16)0NHI(I

EAD IF

Lt* PRINT OUT THE FILE IF I'U = I

4 JFK IVY.EO. THEN
PRINT 5
PRINT 4,HOOKI)
PRINT 6,SUBH(1) ,DISTA
PRINT 6,SUEH(2I:,0i3TK2
PRINT 4, HOOK 2

* C DT 34 II NAC
FR5 SNAMEKI!KTINTER j, 7 lNTRw),

- R 4,900)

K CONTINUE

00 38 1=,2

Ki 15,71UE.

PR UT 7,SUEH'2)R
PkRT *
;RT q'"INPUT ANY CHARFACTER TO CONTINUE.'

'* F:F'A7 ETz,T$ET

6 FW7T- !,F,

- F4 w

2 FORA7 3yQo,*5F6.1)

1; FC~RvA7w:2J
,* ur.Mc,...
* , 4

Kr



. . . E ... ...IN ...

0*. REDSINAN, EXTERNAL FILE THAT CONTAINS
C** INlFO3Rt"-J TCN AEQUT THE AF1'1 UNI'TS

C Hp-AACTE PR~ MS4)*5, KOK,5)*4,M!D3)
C CAMNXF~iNLN TS , NL:NT 4 1 0 ),NT OH,: , MRNFP' K1 0. J NAT K 10. ) ,F7T( 10

C NTA(10) NPKKO~:' NTFKI) YN''~ ,IAKO ,NI It,(,Nl~
L C 7lr HR..lNA MIE ,LI!'ME 0iAME 4M5c E ,

F. FID T HE F I LE N AME WIT17H T HE DATA

PRNT* ENERTHE RILE NAE K t4 CHAR MAX WIT THE ARYUIS.
R EA-D 2 FNAIME
CFEP -:K 12,F LE=:NME
R EW, lIND K 12)

C'~ ~ A" FTE FIL 1 TO BE YIEIJED

TC 0g, T E E I N pU Fl JZ

1 lW T 0~THEN
>1'-4 4, 10 A ULID REPLY, PLEAScE ENTER((

li4I T4HE 'wm;,- FIL NDL PRINT IF IYUIl
F 7 , 'I RE D EPLOY"ED TO THE FRON

- .j: 7 L- - ''7 '447 AR ' THE APOD

t- UrL* .7 1. N r N HO,'1 1 H01
4 r N i D ,Ir HKiNf

NT 4 N 7- P H1, -

F:; '1 4 HZI

- ~ 'I rME' I ,NUNTr 7.' ,NTON 7,1) qNTONK I 1 1 Tt
4 73rI1 NFP I ') ,-" (I NFTK. r',j T C..L ,NPRKi I

I ,#7 1 1' rlC. I ?

N7H:2OJ I ,p ,,T4 2 7O .

- >TC<1  I .17 1N.' HE, ' NC!I ,N I qSnC 4~

'17 - .



V W. .4% .. '., .-- .- -. - . .

C L 2

JN LN S: =TNNU TI

r4Tr '3 J IT PKUN ITS

I F": ")U ED.I) THEN
FR: NT 4
P R:NT *,'IN F!T j7{ C"'R ;CTE; TO CONTINUE.'

C2 FOI"AT STio',ETE

8 FORMA"T,Ao

S : FFA'xE :

RE T 2 P

II

SUBROUTIlNE "-R iINS

T.ETE THE ARM UIlNI1T FIL E FOR T HE A nLYSS

C, -PA. C HEG j7: 4hI -17 tE 2rt *

3 iu NUIT C. oN-17N': 11, ,NFP(2 10) NAT,, 10) ,NFTK 10"
0~~~ ~~ - 1 0 !C' ,' .T .1 N,.) ,>C K0, f7' INHj

-F 17 8,

PER>:JT -f N UfEED OF UN1ITS 4 'SI LAE2LEZ --- 100'
-4 1 - 'rNOUNT OF O UT'SE TZ :5 ---THGE 10 0 0C

0 ,, 'E I TZ17E TONNSGE --- 3

4, AN~E -C ,NHEL.lH

FiN T 4, FiPEFOYJE; --- 1

F~~Tt 1 T~~ 'OTL:J100
Fr , 4 iCF 01 r- 17- L E

,7



F-' - I ' TO P-P-r A ET .POE, --- [
4 4 - ' I O FT, -, S U P C :- E . > 2' " ' - - - 1 ; ,'

FC>T *, ' T A U T N iE CPAELE.
P z:;T I , THE UN T TfPE :: C YlEAT, COt1BAT SUPPFRT, OR OTHER.'
PRINT *

PRINT *,I YOU DO NOT HAY'E ALL THE .E....E D0i4T, OU TE
COR CONT U'iE. '

P .T * 'DG YOU 4AN'NT Tu C. TiNUE , - )
"1 r-.C' *,NREZ:

J I ' 1 .RE .L 0, THE:
L 1LD l. E , P L E E ENTER i=V"=,.

'N,. C.--

r PT D . S&,_,A. IN A FILE

P R T * "DO "O NY U . T THE eTA E IN ANE.T.. F i L E ' = . ' =,

2 ' '- - 1 flC . i ' . L T . ' T

U R II; 1 - D R RE P Y , P .L.E A S E E NT E R K 1=:.. 3= ,
G 7 - 2'

,l S"% v!. E . T HEllI'-

IC C7 7 *J THE

i7. . .t...f -0H -7 . . .:

~ ,ETRTHE NAPES CO7_PLTHE U (30: uFRI~TN T E DTA
7~r,-rcP Mh.KOUE BYT Epri:- EPOE ,- r

OPEI'1 2, FLE=K:;'IE '

F':

r. 
. ... . . . . . . . .".

C-... ' < NOTE : ...............

P T * '* t
F--- -, ' I. THE U TS DPL, ET- -THE F T-LST E E-'-, p*'il " ',* FIPST, FOLLO',JED BY THE UNT "- P L:'rC O H

*ri * : ' ' -, , . . . - .J. T H E ,, T -2 7. .- U> *

4,
,

,~ 4 4 . . . . .. . . . ...................4... . . . . . . . . . .. . ...

PUN[T *. - ENTEUN:G A F ' I-i , , - --

r.'- 3I?:



P.IN *
P:5 Wj PU TH'~F iE NL:MEER OF UNITS K INTEgER: ABELE TO DEPLOY .

R& s,NIUN(

PRINT * INP'J THE TONNAGE INTEIER. FOR. THE FOLLOYJNG EIE

FR:-,, CUT

PRN * ' C,

PRINT*J
PRIT *,'!U THE NUMBER OF PERSONNEL K INTEOER) IN THE , UNAMEK I.
RPO~ *,NjJ>4' I9
PRINT*
P-RINT * iNPUT THE SUPPLY CONE.UMPTION RATE;DA (rKINTEGER):'
READ.. -,70NI,5)

flINT
Fg..I *,' INPUT THE PER ASSOCIA.TED W~ITH THE UN: K DJEGEE. FO

*Rn FIREPOWER:'
READJ * NiFr~i

F'. *XT-T-F'V:

Fl;:i , , FR LU! LINE TR i;CE:

PRN
P 7*,'"INPUT THEC N OF FIGHTER AC K INTEER, THE 0PE:,

* 4E

EKi IF

=;:n7 iFV7 THE TGn.AILE. :H: '.TE3. THE UnV CAN TRANSPORT

PRINT*

PlRI' 70 -IE~A -ITIV TH UN: <PB~t2 CFZELE0 I

FPINTS

TPR±T- 4 -H E '.KhII T:E E CF :'iI" IT : = hY-F E ILtE
E? PEAL''"

:7 :nEo

FP75 *,WC7 ,:D EPIK PLASEEVETw=0=4,



-- ('E- -F CR -n: - E AG,

X- YE - .E "LEE, T:: ~in K 0.:A73.7 E

ll~n 4075 VArL ID REL K, PLEASE EnTER(1v3k.

C-.Q"~n17T"E YEPESF FIV DATACs LDSE TI BEING FULL..

17JJ , FR:r O,'IO OF~ HKEHOV t FIRCK 720 I-:.~*
5 -HE

... -, -

C*- GO4 n-C 70* GE- VV 4 -

E 7 : 7-E L.- no r

* . 07 n- G77 .. 2, TH

4 - 4 7 3 W I AN W R EV R C E , ,z

-:- .. -: N



7 7 F -:- -7": " l '-p z -] --' 'i, LT r T -N

7 E iS F_ _ .N' CI, 2

E E

- ..., - - ,7= 1 . . .. ,,"- -; .tL -',

I --

- -,I .' T

,.:.. ...._ F ? ,,,... .. ., ,,E Tr-,T.h,.,:,,HF,2.

E _- = - -= .... . . .

,'- U .r--' , E * .. . - -

,T: , , '-4- " i --_ ." "

* "2-"- -K--E.9 -- - ---

... . ,-j . - t ,: - ' ,,-z

"K " - - : -1 Z

I

S!

~ _ Z,



- . . . . . -- ,- - . . . - ,,, _ . . . .. , -... . _ ' - :. ; , , - , F- : -

- E. :.;-

.-, -' ,ir - N4L 3i!, 'F72

S7

4 7 r-- T

E4 F -Z. *r-' L =,mF :

Z: AE 7

-1 - -- 7- I r,,

....-. "4.-. 4 4

2-:- THE .... E. TYEOFFL

h:zzf.r:riEr"::z - 4,

-- L >- 4 7= , y'!"CH-rC". . .- 27 j.L, -1

z 12
EI

2

I



-;: -,--, r -

zEE> ;7CS

7-7

31 T 7, T 4 ', 4.

F,: 7i F

4 ' 7,.. 4 . 477

- r' r'
4

"F



7: .= 7 F W R n L P G OF: "-z . E~u -7 -- L.-

-4-. .-.- ,'

KARG :,1 .AF :, , -7( ,S M Y ,

41' ., -:2F F :"-E - T M R B L

pEW h 4.T:E7 1- FMTECOIG

S 0 1 - '1M S:

CIT,- OK ER ULA

W0 F- F- MH jTFN
C-- ~ ~ ~ I Phi OT7H STOE

FRIAr 4,HD ll

C- P lT W THE ER AND MR, TU:CH7TMC

FFIM 4,HFDr- .4

00 2, 1,&1,. ,E;

PRM ., M SE 4 2,-:

W FO CFI EPE:S -:E



C
C*IF DCKE THEN A:.E IF THE w7 13 T3 EE S&QE 3 IN A F:LE

PRINT 9
PRLNT *, SAVE THE NEW l4FQR"AT CN IN A FILET (>00'=0)

iFQISA. T .0,0R.UEA< .17. THEN'
PRT1J *,NOT Y ALID REPLI! ENTER 1Y'=.

GC T
EN IF

CAL ARMINrI'rSUEI7

GD TO Xh,

C
C~ FDL4MT STATEM'ENTS
C

4 ~ ~ 1 FOKA(O7

E PMR57TA: 4, F6 1

Cot.- FR"J OUT T FIL DESRE BY3 THEUE

EYKC0NANE iq, ,INAME 11)4j4 ,FNAME' 3) *14,
C (Z7,WH I O - I T 'L ELrNK*I

C3Nr /ADEC .7 I,TIh. E' 13. TINTR',CIU' ,E-' ' 0,4),CUH '

CLC' R,". 'I NLr!17 *NL7t ,NT OfN' 1 ,~ 5) N , 0NAT. 10' ,N F7;10)

A0 F C7 20= ~ C UP0 lAT 30 ARN DATA 1 l- 9

3'-*- 7*.3 ~
p0r 7DS C152020 iwL- '' 4)'' F1



IT<K .,D OF' '3UE AM .7 THEN
PRIN1T *,NW AT E-~ REC E NTPL ER (0...?).
C, T 2 4

C-- IF DONiE TH; 4! r V T.HE DAAIS TO'- ES E IN A FILEI

'C;,E THE NEY), I NF0FJYATI; ONl IN A FIE =.. 11 E
R EA-D *ISA''

I FISM:4, .WLT 0 OR.I SAV. GT.I T H EN
P F' 'NOT- A ALI1D RE PLY~ E NT ER (1=7=
CC! O 2:

>.EJ. I CHLL 1,vRITT2)

pf I F

U1 7

I F5 .I4 F SrE7HtF

(O! TO' VIEN,. TH-E AFtl( UN7 DH'rl

IT7: 1.L7 .OCF.I.KY.GTA '
PRINT INC M-, EMI PNIR ENTE R '1'=

Ei4D IF

E I CAILL FSNT( 3)

C E. AEt CHNG SUEMENU'

PRIN:' T *4l'G LI,"! U

P;IN ',t1 2 Cr~t ir T HE N UriBER z;0F UN IT:SAYit:
THE F IRE 1,j E R FR A- UIT.p

PNT. 4. CHiWUG THE ANtI4 -TANK 1" FOLI,1ETF FOP, A UIT.
FEN 4 CCHA'NI- TH E FRON'%T LlINE E FEEA IT

C IF NC' MORE CHANE DESIRED'
K: R EAD 4MJhE?

74101:II C f -iSE. 'ST .') THEN 1l
L P E L E



O~. :DONETHE>.A h TE Dt-h I SEs 5- s

r A D H E NCV-> IE z

I . -

L §

I THE. A~ : N- F C-"

FU iu 10H

PCi~N;EELJ THE
PRINT ~~ 3AN T HE A r F > E>2.:1.I

TLI

E JLD

E LD I 1 D1N

I F R T F ? :E . -:

P R iT4 ' NOT A 41c IDASER IENTER: f-=m=t

C~ L PR

END. I F

CRIT ;

FR l * I. Ct-JE THE DISTANC:E F:ROM- T HE US TO THE AFOC,
PFRIN,7 +*- CHFN4GE THE DI1STANf' CE F R OM THE "'FOE, TI:' THE FRONT.'
PRIN11T *, HH. CNG E THE COMEFAT YALIES FOR THE PERIODS.'
FR P: *.; 4. CHt'GE-- T r E rIHE PREr-OSITI ON',ED AT THE AFOD.'
FKNTl i7.. C H~GE T HE ;-'HE PREROS IIONED AT THE FRONT.'
PRINT , 1 CHAN'GE THE CHFFFCIT( OF THE ALOE.

FIT,7 0.C- E TH E C,-PCIT7 CF T HE RICGERS.



R..

END I F

c* R:TGTmE CFTT ms ArI4D ISCT: ONE-7
C

PRT F ,'HA7 TE 7:HDT EE C.-rP4JGED D'EEMN REA-D OR INPU'T INTO7 THE PR

PRINT , f' A F : LS EF 0 j 7','''I MEANS?( =tO=

I FKNRE S.LT . C F NEES.&T 1 ) T HEN
Y-~REFzCL ENE ' 1=YIO=

EN7R D=
=-

CI I

+ -!-- Gi T E PROP-IER SU EM"ENUI

C* I F -I2CMA -I IS INllTE RNA.L AK I F A IEY O F T1H E DTt I S D ESRE D

,<DC YU JANT TO YJIEUd THE AIRCRA FT DATI t >GO=N

7 :' 7 . TH ENl

TJD '!I IT L I

PRD * :.C.RAFT CHANGE SUEMENLI
P~J ,---------------------------------------------------------------------

P RIN 17 ID DELET7E AN . AIRCRAFT.
FRX-J ~ ~ ~ *,:, 2.CHNG iTE rJEPOP AIR-CRAFY QALEL,
CAN 4, 1.C HNGE THE A1IL 7(T OF 4AN AIRCRA FT.

P;:- 4. CHA-NGE THE GROUND T:IE FOR A'N AIRCRAFT.

-F , RPL IF NO ACORE CHANGES: DES: RED -

LDSU.LT.O.C;;MUJE .ST.4' THEN.i

4 FC

D-41



E 7- - *,'1

C- 'ONA '-'7A7' E1 1

C- S o

Tf 4

C44~~~~~I T-' r EC "AIN 1 , ,FCH, 370THEA RCR.F

.* -1-CHO ,4.

C ' NAM ' 03,4,,10 * ,U :NAME(7l,3 RH1 z 41 0.+)M L ? *1 FUA-

..VMws~rU U'1 E TliET t I ' K G oI'4

0' K 10; ,NP" ID SNT7 1 '-1 E' L ,'0 ,IP HQ2

CHJ'flh>'JNUMBER, )A I&I A. EU T 'EG GROENDMSI WE.

L* I,- DL !ShE!C THEt VEU LU H HNE

1.~ ~ D- 7I,-FTDAA:
0 ETE AN 17 .OAF.

I E NLM E A 171U7EILW, GROUND1 IME.

E CME 0E A LLE.R"

35%ECNR ATITNK FOT7IN

.I- ow



33 2= .:zc..T .- .: 43= hF!4
C

00D T0 21-0 0 0N
C
C ENTER THE AIRCRAFT : "TA
c

2u IFKNFILE.E .1 ", THEN
CALL r.2ir .

ELSE

CALL AC:NF

GO TO 10

C** ENTER THE AP']D D;TA
C

30 IKrFILE.E. I, THEN
CAL APLINE'NMHJPP

CALL APDTIF
E:ND IF

C** ENTER T E AR>; DATA

Er -K D-'

CALL AM IN'IF
END I F
GO TO 10

C
CF** CHEOK, , TO EN.ISURE THAT ALL THE D.- HAS BEEN ENTERED

=_0 F,:NP'AC.E&. 0 THEN
N H. E 0 H:

PRI NT 9
PRINT *, *********************±*t*.t*********~*4.4**-.4..

PR:N *, " YOU HAuE NOT ENTERED THE AIRCRAFT DATA YET'
FRDV -
PRINT S

GO TO 13
END iU

IF-I ST . :E,.0 THEN

F:. :rrT

PRI 1T *,'** YOU HAVE ,1OT ENTERED THE AF0C' >'- '.

p: -47 *. ,..C.

rTO

PRINT T

PR J *- . .......... ........ .4,.,.....................



'.4.

7 FIR44TK P: ' 4, F3
9 F3RM&PTK.- ,. t'4 END,

C** S
SUBROUTINE POSTO

C
C** THIS ASKS THE USER AFT:R HE/SHE HAS MAIDE CHwNGES IF ALL THE DA-
u-f NECESSAIRY TO CONTINUE HAS BEEK B TERED
C

CHARAlCTER NAt'E iO)t ,INAE' 11*14,ON-4ME 3*4, jFNAME.

CHAiRACTER M'Y44 ru' 5)*,MD(j. -5
COMMON/AC, -NMA2 C,NACLK 10 A&I!(iO) ,U-' 10,4) ,KAR-rO1O E,2,KTS(I10
C O7(1O' MHE1 O),NFf 101 NPRK' 10'
EOMMCN/APf/l/F~cT. ,TINT- 1 fl ,THNTRA' 10),E--' U 4 - 'I4;
C NHA(,'NPAL-RL P OuS
COMPIG/RM4NIT17,NUNT 10),NTON' 11 u NFP( 10 ,NAT( 10' ,NF7 Ii'

C NTAC ID',NPR 10 F 7P1' .10' CO,-hCI 1101 1 P riH'G'
GCOMMON1 >2 'NP,LP, PNCLNONPRIT,LL tO 2)LU' 1u .2',LP4X 10 ,4,5,4),
C LPU'1L,3,4),".IJC15U,3L'U,RHSw '0' LPS1S 5,'' LP' (4' LPR' '0'

COMMON/CHR'NiAME , UNAEONIE ,MS ?<3 ,S{

Co

C44 FIND OUT WHA~T HAS TO BE INPUT BEFORE CCNTINUING

10 PRynT
4PRINT *,'INDICATE WHAT HAS ** NOT ** BEEN INPUT YET. SELECT ONE.'

PRN 1. AIRCRFT~ DAA
PRIN7'C'T 2. 2'DM .

40k h<IU 0 IF AL Lt- r Hv- BEEK INPUT.

*12 REPOu*,N

PR:N7 W'fQ A VAL: REPLY' ENTER (0.....3).'

c-urzSE2.0. GO TO 50

C' * DAT STILL NEEDS TO BE INPUT - FIND OUT HOW~ TO ENTER THE DATAH
C

PRINTF
3 PRINT *,'HON 1:11 YOUL ENTER THE DATA? SELECT ONE.

FPINT *.---------------------------------------------------------

4 PRINT * 1I. INTERACTIV'ELY..'
PRINT Z . FROM A, USER DEF:NED F:uE.'

*p 1 READ nNFILE
IE'NF:LE.LT.1.OR.NFILE.ST.2. THEN

PRINT *, 'NOT A VA~LID OPTION, PLE:SE ENTER (1,2).'
C'S TO 14

END IF
C
C-- TO7 TYE CORRECT STATION TO IMP'T THE DA

M-E



7 47

EN: I F
IF- r , RES.ELO RETURNi

PRINT *,'ENT1ER THE DESI1RED FIREPOWER OF ',UNA.MEKlNRES)
REHE[ * NFPK:NPES.

,04 CHANGE TH E ANTI7-TANK POW"ER OF A UNIT

0'? PRN *,' SELEC.T THE UNIT YOU DESIRE TO CHANGE THE NT:1.,7'-TA NK POW,4ER,

D 0 52 I=1 ,NUNITS

52 0CiDNT I N UE
PRIN *

P RINT *,'0 U NCONE.'
5' READ ,NR ES

IRKNREE.-LT.O0.OCR.NRES.OGT. NUN ITS) THEN
PFRIC "ILF VA"'LID RESPCNSE. ENTERAGI.
G C T' 0R5d

ENlD IF
IFKNRI '1'RETURN

PR;:INT *'2:.7 ER THE DEI 7 RED ANTI -TA NK POW,,ER OF 'UMNC

P. ET U D 7"N

C CHAGE T H- -E F '. LIE TRA CE OF A UNI T

:2 PR:NT ~,''E.EET THE UIT7 YOU DE: RE TO0 ClHANGETHFRNLIERC

lE OF." 4
-----------------------------------------------

PP!'JT 450 IF NUIE.
04, P="-" *NFE3

p~4 nC - HL RE3FON3'_E~ ENTE. GI.

PIT
FK ~ :' 77 *"= L' TH E E RI IE TR;ACE- OF N. UNAMEKR)

F% 7;_! WREB



NFR I)=M -
* Ai -N-M- I

ClNET IF7:,.

NTML IWNhAC'!t1.
MNWI)MPK(I1+1
N7r''I NMM I

NT 'IMM-J

NCI(KI )=NCi + I

25 CONTINUE
C
C** SET UP THE E:4TA FIR THE ALCE AT THE FRONT
C

J=UN T N I

UNAME(J'= MLCE-FRONT'
DO £1 1-= ,5

NT0NWI' HT0N'NUNITS ,I)
6: CONTINJUE

0.. CHANGE 7m UNE OF NS A'rtLALz FOR THE DEPLOYMENT

30 PRINT *,' E THEw UNIT YOU DESIRE TO INCREASE THE NUMBER OF<
P R IN T -- - - - - - - - - -- - - - - - - - - -- - - - - - - - -

* D 32 1=1,UNT
PI NT 6 ,WANE K 1.1NUNT K )

32 CONTIN'E
PRINT *
PRINT *,'0 IF NONE&'

34 R EA[ *,NFQ

* IFlFc EL .. OR .>REB. T .NUNITS) THEN
FPIN * iCT A 1LI REEPONSE! ENTER AGAIN.+'
GO TO 3

PRIM *, 07E THE ED NUTIBER OF ",UNAIEMAEK

:ANS 742 K :AEL7 OF AN AIRCFAFT

* 4J PR5 M7 L ~T"TE LIT VIC DEMIE TO CHANGE THE FIREPOER OF

DC 42 1=1 ,NUT * -

PRINT 6,i ,INE. I ,NFFI
4: CONT INUE

PRPINT *
* PRINT *,'0 IF NONE.

IP.NREE.UT.O.CF.>FEE.3TL 1 T;) THEN'-

D0 0



uhI"-,E THE Jt-1 .-CIT> OF THE R3:
C

7Q: R IT Z R".- THE I".E:..4 L r -S,[A L-OF T:AE R:GGER,. ,RE.-L.

C*t FFMHAT STATEMENTS

r
C

R ET URN

EN D

C*** S

SUBROUTINE ARMIN CICHG).

C
C*-* THiS NILL MAKE CHA GES AS CE ,EKE, FROM THE CHANGE SUBROUTINE
C* FOR THE ARY UNIT DATA
C

C HA R R CT ER NAME , 10) *6, UNLME: I 1 4 G'v[A E, 3) * 14 ,FN'AME E
CHARACTER MS (4)*5,KG(S5>1*4,MD, .'*5
COMMONiARM/NLN ITS ,NUNT (10) ,NTON I 1 , ,'FP K 10 ) ,NAT ( 10) ,NFT K 10),

C NTAC: 10) ,NPKK 10) ,NTRK i) ,NT'}" 1 ', TABK10' NC , 10) , I -4P,NHQK 21
00MON./"OH R.,NAM E, UINAM E , ONAM, E,"- ,>1 -. ,/[

C

C* Gr0 T THE CORRECT STATION FOR TrE .H....E

PRINT 9
0T (20,30,40,50' ICHG

C4* DELETE AN ARMY UNIT FROM THE DATA LIST
L

20 PRINT * SELECT ONE OF THE tFPf"I" UNITS TO DELETE •

DC 2-2 1=! ,NUNITS-P I =  ,T l, :, T
.'-.,r', 5 -' '- :. U-'- I E'

22 C'TI UE

R. P . i *REE,:r NkRE S =-. LT . .0 . : w...:... ... I~

PRINT *,'4CT L RE-"PLSE D ENTER AGA IN
GO TO 24

ED iF
V~~~~ 'Rztu FE 7

I FRES E. .H,: 1. NRET '2 1.

IFT pC. L I , -
IFKNR ! E- .. O'-'.. E I

DO 2 5 N'LT

..... , .2< .52

S ".R S L N 0:2 .I.H , :=



CIER7LT INE TR IC K I H

cI
" 0 -* THI S IlLL MA'KE CHANGE':- AS DE'SIRED FROM THE CHANGE SUBROUTIN

C** FO0R THE ApOn D AT f-

CrC MON/APD/D IST' 2) T INTERKl 10) ,T INTRA ill CE.., 10,4) CP1 K4.
C NHArK2),NF-L, ,RC, GLSK9,3

0*4 00C T0 T Hc C _!RRE,_- T SA T 7 I FO R T HE tChJJGE

GO~ TO lO,2u,30,40,50,60,70) ICHO'

4H *- U 3jL it HE FROM THE US TO THE APOD

10 FPR'NT *," ' El R- THE N EWI D IST 7AN -C E (REAL.' FROMl THE US TO THE AROD. K
P~rh; *,DI '.

RE7dFl

C** 03NE TH E TAHO ;1CE FRO TH E AFOC!D TOD T HE F RONT

'Th HENEWDITAC: REAL) FROM THE4 APO-D TOTE7RJ

C*- CHNO HE OOlMB ;T Y)ALUES3 OF CUOS? 40U1iS

PRNT*4E7 THE COMBEAT 7%UE FORP TH'E F7L2IINO PERIOID '
D C 3 2 I N :

P RIT 7 FL0R rPE RI CD4 T

3 32 C 17TINLE
RETURN

C-** CHANGE THE IHE H-IIOE T THE A'POD

40 FP INtT *, 'ENe.TE; THE NEWJ M-HE PREPOSTI ONED AT THE APODK r

0,+ OCr' THE "H-E- 3TINE AT THEFRN

5'; 14 ='1 E, T TE NEWjr MHE 7SE% ICrE! AT T HE F ROIN T K .

RETURN

O** C-HAN'GE THE CAAIYOF T HE A LOE

60 FPRIT * ENT ER TH-E INEW- CAPA CITY OF THE ALE I NTct'tr::.
REA-D *N~

F 7'j F-1

0-4



K. SUEH 2Cfl

SUEH'L= I PERIO0D

(SUBHKNFww3) M HE AT APOSE
S UBHKWNP+ 4 ) = MHE AT FRU1T'
SUEH' NP+5,= ALOE CAP'
SUEHNP+e='- RIGGER CA-IP'

C
C*- WRIT 1E THE DISTtA.NCES

UJIE S4.. H DfG

2E C Cr 7NUE

4C- I7RTT THE ItJ IN PA TUILRN-TIME 3

WARITE,'1 5 4) HDG'.
DC; 24 I= NMHC

IJF"TE '' 5, NPmi rt' I .,TINTE7R: 1 ) TINRA(,'

AITE.K i 4 4:E G'

C*4 NUMEER2 OF MHEPEOIT N
C

CRIE' I5AE'4

7-- L~E O 4LLT LN EL: UNIT 17CWII DONN, LOS"AD

r.

CLOSE .15;
RETURN

7** PRIJ' ETRTE FIL E NrME rDES:RED FOR T HE A;RMY 7'T- CoL

R E.- 2 r, E

D -4



P~'r 77 7, 7 ~ y -*

NT ~ ~ ~ ~ ~ t --. , I tj

WRIT 4T,4TIT-E
c0 riz3 1- 1~jl

0 0j," S 7NME 7' EN T:,N C I E: ,N7N S 2 NON: 3:

4 cF-.:" 7;

F 7RM "6T 14T 5 TE1 1E LTTS

4 0R, T 4,

F5 FRMA'T'M 14 , 5 .1IK,3I I112 I 14F.1* 3; 4

I FO-r4"T tr' I4,Fc.U)

- z F r17 T '4 E -R.E

V FOr TKOF4,F&.V

7.

CURU . .q E 0* NI, ,E 4R1 iGu

TI ..4 RG C 2 KT 1

124 ~ ~ ~ T 10 , 4' C P EIA:~~J -IT FO4H.LJ:N SI
*~ -'I 1. D.!MI OF ,LT TO TH

N''IN UOF IT ~ n 1 FRO ,NT FPl L.KtT DELIYEF7?'/ C
C TCMENTiF I C N7IT TO THN OT .I , 1 IRC 1h, 0E ELNRY 2

c4 --l.ri / >E.-14F T 1P. OF UFL, IE,) FR TH THE .,HTE,2)LR*, 1 4,5

C' 5,V 10e'3 4.TC 'SCF 300, FPRHE 1 1. FSNT 5 LPL', FR 1

e.SHM CHGEN OF CUFFE FOR THEAR0

. . . . . . .-, . .



IC

PR:NT *,'-5

( P~~~FRINT ,'EwItOv '3p
PRINT -------------------------------------------

I..E :T 3, *

WR1TE 135 * EgLALIT! CONSTRA:NITS
IMRITEK 13, *1 --- - - - - - - - - - - - - - - - - - - - - - - - -

.PRINT ±,"E.hO ON THE EOLLIT( CST INT.7 ': -=
* READ *,LANS

.. S=O

t INN:-TKRAIN7 FOR THE SHIPMENT OF DEPLOYED U:TS TO THE FRONT
C

PRINT W UNIT SHIPMENT TO APOD
PR INT * ," -- - - - - - - - -- - - - - - - -
W R IT E (13 ,* , -- - - - - - - -- - - - - - - -

i,.jR:TE, 3 Li: SHIPMENT TO F'O "

,C:** FORF Em-,H PERIOZD

4 K 90 L=;,N

C...........................................

c-

C -

C " FrR E-CH T",- OF A:RC O F9
D'o 94 I / MO".C "

Cm-* '-:K- T-1 EEE IF £E'!"D THE LIM"!I-S OF E:THER THE TYPE.,
C.. 0=- 1......... .. . . - SO LQ 21 OR FP

C ' T-"
" : -- - L , 5 OF,,!i 2,GT LL!'I,!)" GO 70I 0
: F..K. LT.LL : ,2" OR. K.G.'T LI, 2 ) ) GO ]7i) V,.

:- .. -, F:'.. ,. GO TO 94
V. J.%NE'.,.=;....... ,L, )W...  KAR,5,I,K,,

.. -7 , 4 'NEO ,L X I ,2,K L) ,A;J lNEO ,LP.< ,2 K,L)),
iNHVEIE .)X, S,:2,;5, K3% . ,L

IF ,L .- S .E ,. O GO T O 9 4
PR ;I T. , E_ - . .- , q *: _ , 2 k .,

1" - ,N , .. K3' - :
94 C,"T INI E

- FOR E CH T'PE OF 017 SHIPPED TO THE APD, =2 FOR THOSE REP"AIN0t4"
C* 7 THE AFOD OR ALKING TO THE FRONT, J=3 FOR THOSE UNITS DEPLOYED
C-- T: THE F :NT E. F-(ING INTR 4THETER 4.PLF"
0

DO 16 l=1,NUNITS+

IF. K, *.E'.i:' GO TO 96i
DO 97 J=u,3

S'1-TIY .. ND .3.NE,2.AND.I.LE.NUNiTS) GO TO '7

D-50
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-,--''--!--v-r J - - -

PL.IT NE I ,MD.!,,J 1I P, ,L

1 LNAME( I ) ,MDK Ji , L
CO -NTINUE

9: C OtT I U E

C.-4 THE EXCESS FOR THIS PERIOD

~ K ,L)= ~1.0

IF (LN.'.J'GO TO QS
PRINT 02,NEQ,LPE';2-,K,L' ,AIJ('NEQ',LREK2,K,L)

C
C* THE EXESFROM THE PRE! ITOWE PERI OD
C

9'3 iF(L.NE.1) lJNEP(,KL1K 1.0
IF('L.EO.1) GO TO 99

WRITE-'13, 02)NEO, LPS(,2, K,L-:. ) AJN;L 2K, L-1
IF (LANE.EQ.O' GO TO 99

*7 PRINT 0NELP2, K, L-1 ,I JKNEO, LPE"2, ,K ,L-1)

INPU TH RGTHAN EE OF THEELlC'

RH SKN1ECU= 0. 0
W R ITE -:i3, 03.)NED, RHS -NEQO)
IFKLA'NS .EQ.O) ' GD TO 92a PRINT O3,NEQ,RHE('lNEO)

*C4* FO-R PAS S EN-lG ERSc

* £........................................................................
F ]l FR EACH--L TVIRE OF A7RCRAi-FT

DO 100 1=1 , NM-,A C

C- CC TOSE: IF BoY0D THEl IIT C- OF TTHER 7THEE
C 4 . C o 1 O R N F P

iF(,2.UT.L i,1) .OR. U 07 1 GO TO 100
I F(L. LT.N"FD, 1 GO TO 0 10
DO0 10 2VK L L~ 1> ,LU

JWRTTE P,0'4) KL. K",L),AIKNE 2 LY(I,2K L
iJ(1sE 3, NE2, LP/i, ,R 2L) , A JlE IL P" 1,IRT~Nr , 2,K KG*I)

IF ('LANS.E).0* 00 TO 103

C
0-*4- CONSIDER SUPPLY* CARGO IF BULK CARGO IS CONSIDERED

* C
I;) IF'lK.E0.3) THEN

A IJKNEQL P, 2,5L):'=i-(AG(i 51

D-51



II

NA E:::!'2 . ,.3 5>,:J.E.z

NAME I, 2 ..

E Lz.E ,-

SGO TO 102
END I F p ' I.-7 i LP 1FX,:I 7 5,L , J,: E , 3 L P. 

T  
12 15 i ,PRINT 0',NED R, ,2,> ,A NOLR ,2,,

NAME.! ,M: ,K 5: ,L
i ti 7'F 1 -

10 CONTIN"E

C
4 * FOR E.-:H TYPE OF UN7T

DC' 134 1=I,, NU ,:iTS
IFKIAB, I ED1 GO TO 104

SDO 105 J= 2 3
DO ' !.GT.'P.AND.J.NE.2.AND.i . LE.NUNITE)- GO TO 105"
I F' T .r7IYP DJNE.2 jC NITSG0T0 5
AI NEuLUI, , L))= -NTN ,4:'4

Wo'JRITE': 1303),1'-,LPLH I , J ,L) ,AIJ(NEOL': I,J,L) ,
1 UNA1E' D ,MD' 'J) , L

IF "LANS.EQ.0) GO TO 105
PRIT 03,NEQ ,LPU(I ,J,L) AiJNEOLPU'I ,J,L))

L.NArE'P E T ,MCG' J) ,L
!: CCNTINUE

C

7. THE E:XCE FOR THIS PER10

AIJ'NEQ, ,LP S 4 L) 0
WRITE: 1302) NE 0LP S,2,4,L) A7 JNELP9 2 S 4,L
IF LAIS.EQ. 0.) G0 TO 106
SPR N ], ,,LPS . 4,L..),AIJ(:E , L:P S, L L

0*- THE EX<CES.S FROM THE PREY.7 1LUS U 'ERI0D ,
106A IF'LNE: ! AIJ(NE' , 4 , 1.

iFKL.EQ.1) GO TO 107

I F LA J'NE N SPS 2! 4, GO741
*.PRINT 2,E",LP2,4,L '-",AIJK'NEO,LRS('2,4,L-1

IC
p L+ IPUT, THE RIGHT HArND SDE OF THE EQUATIONl

ij RHEK- cNE D 0 .0
u R T ,3 ., .HSi E ,

.,>l4T S . ' .0:) TO

.... .... ... T ...............

F99 CON- TH4UE
S-2
C-t SET-7 UP TE RFOI R AN . DTHE SHI FMENT OF ITE: VIA
C*' DIRECT DELIIVERY( '=I) ONLY IF THERE ARE DiRE77
C-~ DELIVERY( AC AlvtAILABLE :LMTK' 1).NE.O'.)
C

IFKLT.' £.E.00 G TO 07

D-52
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4R N --- - - - - - - - - - - - - - - -

WR7Q,) UN: 7 HIMET DIRET>

W4RITE( 13,*)~ ------------------
C** FOPR EACH PERIOD

DO 10 Lt 4NP

C-4* F04 OUT, O'.ER, AND EL.LK CARGO

C ........................................................................
C-- FO? EACH TPE OF A:RCRAFT

DG 14 1=: ,NMAC

':-- :-3>. TO TEE !F BEYO'ND THE LIMlITS OF EITHER THE T:'PE
U-' OF ":SiK 33> Ut TYPE OF CARGO UK 1,), OR PF

U~l.T.LU"' X R. 1.GT.LUQW'11 GO TO 14
IEV UT U' 'i, D' R. K.GT.LUI,2!: GC TO; 14
IF'' 'TNF~rl)) G TO 14
,?7 INEaLPW:,t,v ,U= YAPGK,K,1)

NAM0v I,r'S 1 ,IG'KI U
17 ''rirEE0.ll GO TO 14
VNT 04,NE0 LP ' I V ' ,ACJKNEO,C.\I ., UK,)),

7: - :1 25:7 TY IS NCT AIREBORNE CAALE

* . "%..T .1 P.Alt' .L- NULT;) GO TO 16
2 z~ U<E L~u~i -N7" I, K)

IF 20N& .0 SC T

L'rAMEKI) ,MD1 lJ,U
id C~hT:tUE

C*474 E:353 FOR THIS PERIOD

WRITE( 13,02)NEO,LPS 1 ,H:,L) ,AIJKNE,UPE:,K,LU<

PRINT 0.,SE>I:S: ,Kr '4 IjKNEC,J''",KL
C
*- THE EXCESS FROM THE PREIOUE PER: CD

is IF':L.NE.li ANJKNE,URi,X,!->) - 1.
IF'.L.EO.> GO TO I,

WRITEK 13, 02)NE , UPS: I,K ,U- 2,AIJ:NED,LI I ,K,U-1)

D-5C



* 77 - 0

-F'- -'2,-Ij l1ERHP,"%..K. .--- .4L F-_:,F TH E E&LT-

r- F* : ,.J R I E&,'' ' ::.: O FT:

D 2

J 3-E P

C1.

CT HEE T: IF BEYOND THE LIMITS OF EITHER THE TYPE
.... 0 .r1 L 1 1 .) OP NFP

7: .L. L' ,! O. 1. T.LU I,1)) C0 TO 29
IFL .LT NF PD( ' GC TO 20
C 1 C; 22 K=L L, , °, 2. , U,(. .. .

7: E, =  13- N.D, L P:", ,1 : , 1 ,,K ,L . = KARG, 1 ,i N,2 ) P01?
t. Al -i EL)" l ,'KIFr L r, -j GC 0 23

P i'-7,04N TA , , I) KLR J'K I K

LfTTE, 13,04NEQ,LPX2,1 ., ,K,L):, ,A.IJKNEQ ,L .P/,K 1,1 ,.,L

St4 , E I: ,M , c :, , K ': K) ,L
IF ':LAN'iS.EO.O) GO TO 23
PRIN 04,EQLR"<I ,1,KL<A:J:.E,L':K,::,, .I,

INANEK(I ) .ME I. ,, GK),L

C

C. CONSIDER SUPL v C.-.RO IF BULK CAR OI C3NS DERED

Kc 2 : I F K. E .3)T HEN..

.. J NE E, i I 1R 5 :
1,41 .1 E-13 10 1Na LP ,L A IE LFX)WFR:YE' 1 -_-.' 04:'E'', LPV .::, ,S_,_. ,IK E ,LhK> J.

1 NAME1 i) ,IS 1: ,KG(5 ,L

ELS IF K J fl 5
ISO TO .-°

E ID I F
R IT 4,N D LP+ ,: A 1 5 L) JAI E LP",,: I 1 5 L)

! r~lnr'! E , . M S f" I .,.K G ,:5 .,,L

CONT I NUE
20 CONT I N U E

C F, E4CH TYPE OF UNIT
D0 24 I iNUNITS!1

I F I t-'. 6 1,' 1 , D.I.) G 0 TO0 2 4

IFI .GTIYP.AND.I .LE.NUNI1TC. Gu TO 24
AI J=NE ,, - TSON, I , 4.)
LWJTE13,03)NEQ,LPU': I )1 L M,AIJNEQ,LPU(I,1,L),

UNIP E, Ki) ,, DK I ) ," L

IF KLNS.EQ.0) GO TO 24
PR0NT OA,NES ,LPUK I, ,L.,,IVNEJ,LPU( 1 IL)),

1 UN-4 E ' '.1 D,:

SC,.T: lUE

D-54
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.- E:,O. FOR THISPRIOD
C

-,.NE) ,LPS'11,4,L):)= -1 .0

WRITE 13 ,4,0L2.2 ,N, E. LPJ, NEQ]',LPSK 1, L
IF KLANS.E0'.O) GO TO 26
PRINT O2,NEO,LPSI ,4,L) ,AIJ,JIKEO,LPSKi1,4,L.j:q:

Co

C* - THE EXCESS FROM THE PREVIOUS PERIOD
C

2p IFKL.NE.D A i J NE, LPS ,4.L-)= 1.0
i =L c 00G TO 27

W7'V E,,, ..! 2 .NEO, LPSK,:1 , ,,L-I1. ,AI J,(NEC8LPS... K ,, , 4,L-1 . .w
IF FLANS.EO.O) GO TO

PRINT 02, N1, LPS,' 4, L-I) ,AI JNEO , LPS, ,4, L-1
c
C** INPUT THE RIGHT HH. i, C 7DE CF THE EQUATION
C

27 RHSNEl)= 0.0
WRITE: 13 , 03 S)i"NE , RHS ,: N E]:
IF,(L41.EO.O) GO TO 10
F :: OD, N'E] , RHS,NEQ) .

* 0........................... ...........................................

0- 3

C:*. SET U" E. FOP TH SHIPMENT
C>. OF UiT_ APQ ..IA AIRRN DELIVER'(

7 IPLHT" " E... ER.LMT( SlE.0. GO TO 43
PRiNT *--

PRIT '* S HIPMENT AIRRN"
P Ri ",- *,"

RTE ,------------
- - - - - - - - - - - - - -

UNT7 SHIPMENT ARBRN'
- - - - - - - - - - - - - - - - - - -I '. FOR E:.OH PERIOD

D' - . L=. ,IFr

r. F 0 C7T , E_ A. EULK CARGO

IC

C.......................................... .............................L.c i i'

L,. 24 C ", -iI

- H- ThE> T CE= IF E"-E:C, THE LIMITS OF EITHER THE TYPE
-:&zJ L< l), TPE OF CARCO LITI2 OR FP

IFK4.LT.LL' ,, .OR. 4. GT.LUi,11, I GO TO 34
IFK.LT.LL' ,2.; OR. K.GT.LUI,2) GO TO 34
IF-:L.LT.NF::,?I W, GOC TO 34
AIJKNHEQ,LP,"ti ,4,KL>,' K>RS<,1
AiTE 744 :2E-,-"< > , S 4) ,Ai J(NEQLK( i ,4,K,L),

I NAME .K , K),L



i 1 ., , Wrr,,-7 . - -7:,- . .
-R N - ) . ' - p -".._ -..] , , , , j, ] .. ,. , .,

L. ., , ,N U
24 C2 7NT N U E

c

C F Fm EAC4 TI' TRT2-'RE0FRNE CAPMBLE

C . I , NL5 N S+.

', ' . E. 0 0 TO 36
E LPU , ,L.)= -NT I ,K)

3 ET * ..... E LPU ' 1 L) ,AJ'Q;Ea,,L U I , I

j ' 'l4 . I ' , r' I) L
IF ,L4NS.E..0 GO TO 36
PRiNT 03 ,E 4 LU :1 , I ' ,L J(NEO QLP , I *1 ,L.) )

1 UNAME" I) ,MD ' I)
IS CONT I INUE

.4 THE EXCE: FOR THUS PERC

C
IJNQ, LRS'3,K,L ':= -. 0

WRITE"K 13,02)NEQ,LPS'3,K,L),AIJNEQ,LPS'3,K,L.
IF (LAtS.EQ.0) GO TO 38
PRItNT 02, NEQ u '-. LK 4AIUKNE1,LPS"3,K,L:

C

' 7 7-,E E:CE - C THE PRE;:IO0 ERU :

...NE Ir "E LP ' K i' 1.0
iF E: GO TO 3Q

7., F E , 3 , 0 2 E' I"4E L FP S <3 , K , L - I ) A J<N E f] L P'S , 3 , K , L - I

E D... . K ,..' -.. K L- )PR t ,47 0 42E,F S 3 K, L -1 )'1 n:J,NEQ, S 3, .KL-1

4!- T : ...7 7 E.... SF THE E iLlZT ON

-: ., ( 1,,- , .

L.,

... . . .... ..:7 . .... .... .... .... .... .... . ... .........

- - D

'- F-: - STHE L-1- OF ETHER THE TYPE2

F L53 T1, OF Z) 037E F 1i r " I',l .F0R 4.GT.LJKi ,' GO TO- 40
:FKL' LT.PjF::'  ' 33 T -O 40 q
r,- 47 *= L .,2 , - -2

. .. ''E ,I'. - ,,L ': K F5 K 2

.'-,:- < "



IF I T 0 4 .0 G O' E 7 1 4 3 t, r . ' t , . , - -

Coy YSIER SUFPL( CA~RGO IF EL , CAP33 ISB CONS: ZERE

4$ IF(K.EO.3. THEN

YJRITEKI3,04)riEQ,LPtK I,'4, ,. ' *tE],.? ,

SO i TO 411

GO TO 42
END IFj

1 ~NAMEl ,MS' 4) ,kiKO: 4
42C5NU

C
:--~~~~~~ -'J C 0 O N7 R E CAPP-ELE

DO: 44 T= ,I F
I 1MB %.O GC T3 44

I ml 1 i -N70NK:I d:

uFr(-NE.EI.) GOTO4

PRINfT 03,NEO,L-U' T 41,LI',AIj(LJE&,LFPiK .1 L.') '
1 UNA1IEK)I,MEQ 19

T* HE El 033 FIR THIS PERIOD
C p

AIjINEO,LRSW:,4,L)= -.

ARITEK i3,02)NEa,LP3K3, 4, L) ,AiJKNE,LPE.3,4,A..
IF &ANS.ED.Ol: GO TO 46
PRINT 02 ,NEJ ,LPS3,4,L),AUjNE&',LPSK3, ,L.'

04 THE E <CEES FROM THE PRE)I OUS PERIOD *

4Q IFKL .NE .1) AiJ'NE9,L?3(3,4A ,W) 9 1.0 2

iF:L.ED.1) GO TO 47
WRITE:13,02):NEO,LS%3,4,L-V ,AIJKNE& <L' c.'4,uK!
IF (!_ANS.E'J.0) GO TO 47
PRINT 02 ,NE,L%1:3,4,L->),AIJ(iED,L25K,J,L-1' p

C-~ INPLT THE RIGHT HAND SIDE OF THE rtLIAT'PN

47 ~RHSNE>)= 0.0
<JR ITEK3,05 NEG IRHSNEG.

K~iS.D,0'GO TO 309
PRINT 03,NE0,PHKNED

-



36 C Ci. b

C* SE- L E']LUT:LE.NS FO-R. T:HE SHI F,,ENT
0*.F S 1LES THE THE.E..
C

4 FRi T *, ............................. - -. .
P F JT ,7 THE+TEE : SLUFFL ' -

F; . 7 E 1, !3 * -- - - - - - - - - - - - - - - - - -

P TE - *'., THEATE.R SLF , -i'
' .- -- - - - - - - - - - - - - - - - - - -'. TE ' " 3, P E •7T E I.j1 L p ;

- F MLEI.HPER:O, 4FTE THE NIT:AL PER: 0 CF DELOYNE,

Lu .... . . . . . ..-. . ...
F

EAC TFE OF ARCPAFT
DO 50 1=I,N1AC

C
0*. FI-R EACMS IN E-YET,

Dc 5 1 = q L ,,U ,
IFK:J.EQ.S:: E: TO 5:

.¢ TO-v 7D I F E E , THE U ICTS !F
C-- ETHER THE TYPE OF CARPi L 2 I ,OP FF

U: UT I! ,, , 3 . UJi,: . GO TO :

'F , 'i.. pa! ' - I U ,AI;t 
TIG

,'r.C 4 I ' F.,I U U) ,AIKNE 3 LFURX " ,,5, )pC . RiMEOE E . -I ', "5.1L
L.- Bl. U E GG TO

0L D IJ,5 : L .4:D '. E .1) 5, T 53

c * 7 1O;.iT . D . OOUE

IF.Lm lA" EQ1.N.NN.. S O5

1+ F:: E ,H TEE - V-E7 U IT B O

C

D 0,-1

1 F Ll"T, 2 DE )0.A .D, ' I I G C TO ._, 5 3
IF:L T,3 E-Q.0 A . "'l.E-J 1 GO TO g

IF ':IA E, I E O. . A tiD .P"l .lN E ,. 31 G C T O- 5 -,"

C FS= E:U4.. __ . riiT BEFORE L

rO 55 IL=I ,U-I
" N" . I, ,L, I ,M.J ' -, O ', I L * U( T

;rATE', EO C!I,1 ,f iL' " " U E0 , i,

13,:3',:HE', , .- J'NEQ LPU,: ,H 'IS



LI, y-q--E *---e w. -,'D-,- ,, r I , , ' :

IF (L - ' , .i. ... T2 W
Pr.th1T 03 ,c'EJ , ...... .'. ..9,~ KE '~ I4 ..

PINT1 UflAsfE T.,MD(12,

5:f CONTINUE
53 CONTI NUE

52 CONTINUE

C- THE EICESS FOR THIS PERIOD
C

A i.J'NE0, LPSQ,! 5 Q ) = -i .0 I

, W-D7"EO3, ,LPSK1,5,L),41J:NELPSKI,5,L)

IF ,LANS.E A.05 GO TD 5"
P 'RT 02,NE ,LPSK:1,5,i_ I,AI.NEtLPS'.i,5,L.:'

C

J** THE EIKOESE. FROM THE PRE 1 PERIOE

54 IFQ.NE. A~gIJKNEO 4LPSQ1,S,L-1))4 1,0
C GO TO 5o

PR1 TE I 13, 02)NEO,LPS( 1,5,L-1 ) ,AI JKNEO,LPS' 1,5, L-1
IF ,NS.E.0 GO TO 56

.... .0, E , .LPSI , 5,L- .,AIJNE ,LPSKI ,5,L-1 :

C INF'T THE RIGHT HAND SIDE OF THE EDUTION

=- rH.NEI= O.0
LJFZEK1, 0S.NE;,RHS(NE:)-/- CT : .:I, >1 i" U, , 4, c,'~ - ,.

: - . .-, , j. GO TO 4

---

.... . .... . .... . .. ... .. IP . . .. . . .. . . .. . .. . . .. . .

u.- F E:-: .FRTE HPMN00 3 S'-F=L:E_- "' ,_O THE FRONT7

H *

FPR *rl CIPPCC
-R N ---- -- - - - - - - - -- - - - - - - - -

-- C T SUPPLIES

& ; 7EI3 * -- - - - - - - ---- - - - - - - - -S-Q F:-E :1-* FCT SUPPLIES
t,,R : T 0 !3 ,* --- -- -- -- -- -- -- -- -- -- --

C* FCR EAC.H FPER
rDO 5: L= , .-

. . . ... , , , , I , . . ., ,,. ° ,,., , , , . . . . . . . . . . . . . . . . . ., , I . . . . . . . . . . . . . .

F° ;F E:-C- 710E 12: "70"P7T .

07 > T: 11 K E'EFT APrOD & INTRo DEL IVCE

ZO 6:, 3LLnjI, l
IFJ.E3.2 G TO 61

D'-57

• .- - > H LIIT OF EITHE TH CRG

C'" " -SmF,] - - ,, " ' " ',, " m,, l ' ' ' ' ' ' - - - - ' ' l



IF..TF - ) GO TC 6

WFITEK 1:.,fl4.NEO,LP 1 ,5,L),AIJKNE&,LPW *J0,5,L.),

IF 0L44:3E200 GO TO 61
PRINT 0'- iE - X.:J,5,L) ,fljKNEQ.LE'AKi,J ,5,z..

hJ5-tlE' ii "'- ,KG(5I: 1.

C-s*. TsCE REZEnn OF EM. FOR ECH TYRE OF UNIT AT

C- THE FRONT (M ... .WP M=1,2,3; PERIOX!.. L-!

IPX .GT.IfPMND I .LE.NLNIS. GO TO 62
DO 65 M=,

!F L* 1.1 .AND. AE( II: £2.AND .1-.EQ .1 GO TO W

IF 0LANKYEEV0) GO TO 6-

PRINT 03,NEO,LPUKI ,M, ID jKNEO4 LPUK I., IL):,
UNANE I),MhD ")H IL

0-.- ::5:1 7- K RETV7 FOR TRL'C:K-

0:L),H"E'ItAAL I U'

lF.LA1.El, PINT02, NEQ,LRSLKL9 ,t&NEJ.LF3L(Lr:'

V--:-. '-E .K R FV T I FR

WR:7 13,2N:-'J- 25NE;<AJ;'CF 5,--.
io(L,' 51 TRN 020,0250

- E H !N=4YTEP4U PERIOD

JR - rr 02NEl LC 2,5, L -I;' Ai NED ,LPS( 2,5,<1,.
7- 'C!. A. GI I

&A7 t



* . . TYE 1: 7 .2 -. 7 E K !-

IF, LAN A20,G 15

.............. .t ... . . . . . . . . . . .. . . . . . . . . . ..... . . .

0; SUPgI TD THE gear

t7 " - - - - - - - - - - - - - - - - - - --

WK03 FAME LEIEE

w F.E .3- - - - - - - - - - - - - - - - - - -

DO 6? - qNF

00 EAH T:E OF IRME

7 =E 7 -fKL ., ,CR:Z Q, ORE FP

in .F, 23T.L I~1) GOTO 7!.

rV ,TLK 2 F S.G,-, ,n GOT

7, *.TN P ji GO717-

*7 E-i- - E OF n- k7 - E o K 41T U I E

-: KE- > -;I

-p En- -"E' F T i 2ERE I

'2



RF '.1;,* UtT r,zE _,: - G

....... .... .................. I.............. .. . . . . . . . .',=NE Q i

C-- FVRE ALL UN"7'-

CC 1 0 i =1 ,.LNIT-
'-w FIR E -CH M.DE

Co 19: N=1
IFKI . GT .. IY .AM2 . I .IE .. LIITS E.AND . .NE.2) GO TO 02

- ~ ~ ~ ~ ~ G 11 !1--~F~F ~l
i AT ' W , .AND.M .EA ) GO T'' 1

F LT,2 T .'EO. .ANE,.M.ED g.) G1 TO 192
!Fi,' , iAE2Q..,, E'..l .AND ,M.NE, . GO TO 19,--

:24 FOr ALL THE PCRODS
DO 14 L=IN

U L NE W:ML

- 3"J . -NLSU'IM1  , N,L IM,L)),

IF KLAN. NC 0 C - TO 1'5LEK L

-:.: E ., _r E ,,' , .J ..... O N

ST- - ,S:,NE D KNI',L ,A j ',EI ,LPU(I,M,L) .

It TH IA7HA IDE OF THE EQUATION] Ii
r" ,. C . .. . .

I '- .ii , . .. TO - !

C7T : 0 T01-, NE-- ,.

1- L]wA:E FI :,7 W :NM+HC: F 1

, :2 : * ,T Uni i'.iG F_!.

= &: . w - ------------------------------E- ---TI~ r-

YJ:E -: ,-'IE LINKAGE FLOOW

I .50 1O '. ELA 3 , RET N G n

- . - I 1L

DC2

....................................................

;. , i-,C . .E . t ':...
,," . , . i _ "

-~' - ] 2-2

Ec :4

E -2 " TE ]

D Z 27
tiE ]= .]- '



, . . . ._ ,t _ 1F3. T .•. . - . -.. . .3T.Lu 30,,:. TO 31 -.- . i P , " . .

47,1

~ a ii

'. . ',L '.'.- .  0 0 .TO 132, ', i.; -i' i3

PR:N L04,,EJLP:NE,3,59 L) *r ,3,c = , L ) :+

Nt-.'! ,. , " :. , , KS <

i :E 2 ONTI!NE

AF7 rY L E .I I TO 1 ,4

.. T'z:-: ,_:.Ez FT C T H:E F ?D M=)TO T CKEDNTT HEFC

3 L r* **

CC

EQU.E00 ' GO TO 1o
Pu': U , JEO,LRU(,2,1I

' _:4 :: Nt: T E:,_E;

F- - -T :i'-I FOR TRREC7"U"l.

-: . . . r.Z., " = 1 .0

.. f

C'++ I E'LT THE F' < i}T &-JD~r, SIDE' OF THE E-OUf4 "T1O-h"l

4 F - . -. E , J , - T : ,_ ,r1......34 I N AE77-

DE - 3'Z TiE PHEKC 1ED IIIT,

E ~ ~ ~ ~ - TO- T P ,T H R T1

PE T ,N'T LiN, L.1 Hj N4 NG

I

N E2



* OF L .. P F zF

I ' G' TO 174
DO 176 K=LL T.,2) L T!,1 2p

EUJ"NE , I ," , K,1 3 ,>= K-RC I,K2.

UR 7T7; .1 0.4.)',ED LP ,3,K,L',AIJKNE , 7 3 .. ,

N'Il E M: . , S 3. ,(K ' K , L
F LAN"S.E'Q.0) GO TO 17,5

FR 'H 04, N E' FLPX, I , 3,'K L ), A iJ(:N EQ, L PX:I , 3,K, L )I:,

NAM E ') I .), ,K v!,I
i7s CONT >I"UE

C*. F2F E,-.C. T'P: CF U,V T

D ! 1 -I , U NII .+
J.=3

IFI.GT.IYP.AND.J.NE.2.AND. I LE.NUNITS GO TO 173
I E, I E I .I GO TO 178

E ,L": , ->T t T Ii 4,
t;RI'" :13 0,:'NEQL U' T- , , , '>A'JKINE!, ,JL)' E. 7, L

U.A'E ':I . P['J: L

iF L S E' 0' G 0 T i 1
- q _' ,E iL- - J,! A .j , UPUI J, L''"

1L I"-A"! '1D, r, .. , L .,-r "P L) iI ,iE' F

C

*4 iFT THE R iH HAI I.DC S1 DE OF THE EUATi ON
C

RH , E 0.0
Ni .R ' 13,03'ri'E I, R4SNE :h

F'--S.EN.Oi G0 TO 166
PR -1T 0'. ,NE , RH',:4EO)

............-. ......... ...........

C o Ft ; TrE cS'liPM-'ENT OF TUF'o

C' T:-, THE F--NT YI TH- E .F.

PRI' *,' FPC,. NT SUPPLIES A P0D'
- --- '-.. .------------------

FPNT:..TmIE3'<IN4,T'

U. E D

En, Io: -2 .v
'C ' "E fl

. .. . .. . .......-. .. .. .. . .. .. . .. .. .

C * FTP E,-H T'PE OF IPCRNFT W<
D"o 1I-32 T= .....

<L T .,N F :',: :. , TO : 2

.: URP THC iUT.HE.ATEP MIS-:O ... =.' 14TH RL.,.. E." .

C*' OHEC TO SEE IF BE0D THE LIMIT: jF El- EP THE .
T OF 1"3'1> L'  ,i OR C .. .. L, 2.

I



L.............................................................. ............ ...................

0-* FOR EACH TYRE OF AIRCRA.FT2

DO 170 1=1 ,NMiAO

C* CHEW TO SEE IF BEYOND THE LIrNUT3 OR EITHER THE T(RE

W~2tTLL< 1).MR. 3.ET.LUKI,:.) GO. TO 170

IFuK.LT L"I,i .OR. K.E-T.LL'K,2) 'GO TO 170
IFKJ.L-.NFR.iI GO TO 170

AIJKNEQ,LII,3,K4 L) '= -K'ARG( I,K 4)
.4R:TEI 13,04)NEO,LPX(I ,3,KL) ,AiJkNEO,LFAKI ,3,K,L ))

NAM~I),S(3,KG(K),
IF ISANS.EO.0) GO TO 170
PRINT 04 ,NEQ,LPXII,3,K,L),AIJ(NEQ,LPX(i ,3,K,L))

NNMEK I), MS;'3),KG'K ..'

17a CONTINUE

f* FOP EACH T - F I SHIPPED TO THE APRQ, J=2 FOR THOSE REMA.ININO

O** P7T HE ARO OF Lr j TOl THE FRONT, J= FOR THOSE UNITS DEPLOYED

DO ~ 1I72 IFTNN1S

J3

I 1 0 'IYP IAND.J.NE,2 "No I.LE.NUNITS) GO TO 172
Ir IAB"I' Th1I) GO TO 172

- VED I Pu'I, J,LI" ) N70N' ,K)

'4FITE(13,02NEE ,LPUQI,J U )i-izJ(NEQ UPU I, J ,L) I:
UP'AMc ' MDI) ,L

IF 'r N.E20) GO TO 172-
RUIN, j ,.tJ,LRUK I J,L) ,Aij'NEa,LRUK I,J ,L) O,

-: 'INT NAME 1 ,MDK J) ,L7

C*4 INPUT THE RIGHT HAND SIDE OF THE EQUA~TION

RHS:NEJ)= 0.0
WRITEK 13 , OS E , RHS NEW)
IF( LWNSM..07 GO TO 162~
PRINT 03 ,NEJ ,RHE (MEW

.. ................. ...... ................ .......................
A CONTI1NUE

C
C-' FIR F-Q3E:IER2

NEO=;E>:
U............................................. ........................................

0** FOP EACH TiRPE OF AIRCRAFT
DO 174 1=, MMAC

Q- CHEO- TO SEE IF EEKOD THE LIMIT? Or i:H 7W TP

D-12



U -E
R- H' S' , :., N E :, =;, =,i, 17 , , "SE UN ME 3 , ,MG'. N Q' , L.

2.: .. C _NT" INJ
RHS (NEr -.AU~fi C i).

NRI-.:TEK J: 1, SNE1IPRHS 'KNEU')

IF .... 0 GO TO 154
PRINT 08B,NEO,RHSNEi

C I I... I..........I.I.I ..II ..........III II ...I ....I.II .I .II.I ......III . II...........i

154 CCNITI>JUE,
C

DO1EINUI N I T+

- F3R E H MODE
DO 160 M=,

I F .GT.iYP.AND.I .LE.NUNITS.AIND.M.NE.2) GO TO 160
IFKL1)T( .LT.I.AND.IAB,:I)Ea.O.lAND.M.E,.1 GO TO 160
IL t.2). E- O. AND.M.EL.I) GO TO 160
IFGE-TtE-O-' N.M.EQ G0 TO '60

DO... 1. NC.. .dIP 6
Di 1,752 L=l jI.,P

''J~NEd ,LPU I !L)=1.0

E 0i4  ,1 ';. 62,

F -NT 03 .E Q, L'II, I ,H,L.) ,I J"NE,LPU( I ,M,L) 0
SUiN',A, E I MD' ) ,L

C T NU.: E

F- O N E," j17 jR , '. _ 'jItj',NUN IT S'.
346 , C : 1 ,0 S) i E i, R Hz I <N E _n. )

IF ::L bJS EI. ; C TOl 1..6
F :.. 0,  c HSNE.-

.E T 'r THE CSHIFET OF 'MITE FRO;" THE AF'0D TO THE FRCNT.
0 , >1 >SUFE3 TH T vHHT I- SHIPPED TO THE FRONT DOE: NOT EK<CEED S
*- .,jHT - 7-T BE '-SH=PED "T THE APOD.

1,4 PRN ,- -----------------------------------
PIN, ' h-- SHIFMIENT FROM POD TO FRONT'
F - .,- -----------------------------------
,R '7 : T ' 3 , - -- - - - - - - - - - - - -

I.4 F:TE WIT SHIPMENT FROM POD TO FRONT
, -E -1-, * ' .------- -----------

0
C * FR, E -H PEPTOL
L

: -- OUT, O-ER, ,N BL'' CRGO

D-T

• . .. . .. • "



110 CONTiNUE

.4,-I WA~LK TO THE FRCNT 14=2? , CONSIDER TIME DIE NCE RE!AT:OtSmIP TO
C** GET TO THE FRONT FROM THE gROD

M=2
IF(NT'(In.EQ.0) GO TO 151
MY=INT( (01ST 2))'/REALKNTQKI)*P)
JF(MY .GT.L) GO TO 151
DO 153 I L=1,L-MY,-

00EF=NR4L*LP
AIJtNEOLU(l ,MN,Iu )= -COEF
IARI CI, O3)NEO ,LPLII,M,IL),s 4J(NEOUPU I ,N ,IL)),

I UhrIE ),MD(M),IL
IF (AW Cfl 9 00O TO 153
PRINT 0 ,NEO ,LPU( I,M ,IL) ,AIJ(NEO ,LPU( I,M ,IL)),

I UNH'E' ),MDKM ,IL

C** INPUT THE PIGHT HAND SIDE OF THE EQUATION

151 RHS(NEQ)= NHg'1)
UR:TE I;,Ob)NZO,RHSKNE9)
IFKLAN i00 GO TO 142
PRINT OSNg5 RHSKNEC)-

142 CONTINUE

O±* SET UP EOUATIONS FOR THE ARMY UNITS **

C
PRINT ---,--'-------------------

PRINT *'DEPLOYED UNITS'
PRINT * - - - - - - - - - - - - - - - - -

AR1713m DEPLOYED UNITS'
WRITE:is, *) --------------------

C
0- %-R EACH UNIT EACEPT THE ALOE UNITS

............... ..................................................
>4* F OP EACH MODE

DO !56 M=1, 3

- ,3.. I;. . .NKW. .,.H.D.M.NE.2) GO TO 156
iFKLMTKI) .LT.1.AND. hAE'AJ.EO.'O.AND.M.EOSV) GO TO 10c-
iF(LMTK2) .EJ.0 .AND "M CQ I) GO TO 156
UKlLXT(Sn.EQ.0.AND.M.E0.13 GO TO 156
IRK IA6(< Cfl I AND.M.NE.:.' GO TO 156

0*. FOP E4JH PERIOD
DO 158 L1IN

AIJCNEJ,Lru',I,M,L' I fl
IJITE(1'2 '3NEu LP'''" L?,: J'JEO,LRUI I,>1,L)) ,S

IF (LANC C.O> Go To, 158



Q*4 FOR EACH MISSION TO THE FRONT, DIRECT (j=:) AND iNRA(J40h

C

C*. CHECK TO SEE IF BEYOND THE LIMITS OF
C.* THE TYPE OF MISSION LU ,1)

IF(J.LT.LLW 1) .OR. J.GT .LU(I, 1). GO TO 146
DO 143 K=L' % 2,LU(I ,2)

COEr-EAw I ,K)*MHE(:I)
j *IJNE,J'X(i,J,KL))= COEF

WR 7' !3,'t NES ,LPV I ,J,K,L) ,AIJ(NEO ,LF(I ,J,K,L>,
I NMME' )MEK 6>,KG( K),L

IF 'LANS.Efl O) GO TO 149
PRINT 04,NEQ,LPX I ,J,KL) ,AiJ(NE2, LFX( I, ,K, L})

I ~Nt4ME'.I),PISJ) ,lG(K) ,L

C** CONSIDER SUPPLY CARGO IF BL!LK CARGO IS CONSIDERED
C
149 IF(K.EQ.3) THEN

AIJlNEQ,L'K(I.J,5,L))=COET
I2417E'Cl3,04)NEOLP:(I,J6,5,L) ,AIJ(NEJ.LRN( ,.J ,5,L) )

m 1~ N&.hE( I),MSJ) 1K3K5),L
IF(LANS.EQ.) GO TO 148

ELSE
GO TO 145'

END IF
PRINT 04 ,NEO, LPX( 1,6,5 ,L),4IJ(NEO,LPX I ,J,5,L))

I NAMEI) 5MS(J) ,KG'(5),L
148 CONTINUE
146 CONTINUE

la4 CONTINUE
C

E* FR THE ALOE UNIT A7TH FRONT

C
0** FOR EACH MEANS OF GETTING TO THE FRONT: 1-DIRECT

C** AND 3- APOD & FLY TO THE FRONT

pDO 150 M=1,3,2
IF(LM7QQ .1.AND.M.EO.1) GO TO 150
o': :5 ! L

!FLEL 7 HEN
CCEF=NPAL*LP*0.5

p CY F-L*' r
E'D IF
AiJ'NEU L-'U(I,M,IL))= -COEF
WRITEI13, 0.3)NEJ , P'J;I,M ,IL),AilNED, LPJ(I ,M ,IL))

1 iNrAr'k' ± D 'I ,IL
IF 'LANSErQ.0' GO TO 152

p PRINT 03,NE7 WUI'I,M, IL) ,AIJYNEO,LPU I ,M,IL),
1 LI~UiAME. i ,ND.M) ,IL

15:2 C071INLE

D- 6?



ELSE
GO TO 133

END IF
PRINT 04,NEQ,LP I,J,,L ,, :JNEQ ,LPX(I,J,5,L ),

NAME< I) ,MS<J) ,KG5) ,L
1 3 CONTINUE
15S CONTINUE
134 CCNTUINLE

C
C** FOR THE ALCE UNT<AST TERM IN THE FiLE.,NWI-c 

I
I =NUN ITS

C

C** FOR THE APOD MODE=2
C4* FOR ALL PREVIOUS AND NEWLY DEPLOYED ALOE UN7S

DO 140 IL=1,L

IF(IL.EO.L) THEN
COEF=NPAL*LP*0.5

ELSE
C:EF=NFAL*LP

END IF
4 AiJ(NE0.LRU,2,I' ) -COEF

-. I .E*. a- I . . * ;,2,*L) ,AIJ NEa,LP I1,2 IL))

IA '. 'A'] ' ,),,
IF (LANE,E0. ) G TO 140
PRINT 03,NE ,LPL' :1,2,IL),AIJ NEQ,LPU 1,2,IL)),

UNAME' .,M"' 2 ,IL
140 CCNT:NUE

C
C* INPUT THE RIGHT HAND SIDE OF THE EQUATION
C

RHSKNEQ?'= NHA2)
R:TE7 " 3,03tE' , HS:E . "

A IF LANS.E 0 GO TO 132
PRINT 0S,NEORHSNE'

132 CONTiNUE
C
C** EU!AT!OS F3R THE HE L:MITATION AT FRONT

PRINT * -,"- -------- ------- .......

PRINT * MHE LIMITATiN-FRONT'

pRINT *,- ......................
IRITEK 3,* -' -

WRITEK13,' MHE LIMiTATiOL-FRCNT'
WRITE 13,*-, -------------------------------

0*4 FOR EACH PERIOD
DO 142 L=i,NP

NEQ=NEQ+ 1
............................................................. ...........

CK. FOR EACH TYPE OF AIRCRAFT AYAILAELE
DO 144 1=1 ,NMAC

IF(tL.LT.NFP(I)) GO TO 104C

D - 8

K . -.. .-..--.....-- .::



- -~~ - V 4 -- T - - -

-E1

C E=REL 0 0 0 0*,TA ( I) )/RE.LLR*NPKK U'.
PI JKNE]JLU'2 ,2,L))COE-
MRTEK :3,03)NE ,LPU T , 2L) ,AJ:NE.,LR , 0. 2,

I L M.E, ) ,MD 2.) , L
I ILP4S.EO.0) GO TO 13 0"., ; 0 3 , NE , ',, 1 , 2, L) A i J :I NEQ , L PIU 1U" ,LPRINT 03,NEQLU ... 2 .,L .I.E..PLI.I2,L

i UNAMl E i) ,MD : 2 !L

120 CONTINUE
RH3K-lE =., 0 000.
R I TE,1 13, 0)NEQ , RHS' NEO)

IF ,'LAS.E&0 . GO TO '12
PRINT OS,,,EO ,RH E

C .....................................................................
* 12 CONT INLE

* C-4

C** EJUATION'S FR THE MHE LIMITATION AT APOD
C

PRINT *, MHE LIMTATION-APOD
PRINT *," -------------------
WRITE 13 *,
WR!TE - " MHE LIMITAT iON-AFO'C"

SIR TE 13, ---------------------------------
C** FOR EACH PERIOD

CC 132 L=1,NP

F F- E: CH TYPE OF AIRCRAFT AVAILABLE
DO 134 = INMAC

IFKL.LT.NFPKI.) GO TO 134
C +* F O-R E AC H tI"I Oll

D, 4 EON INTO THE APODJ=2,3:)
U

DO 12i j,=,3
C
C*- CHE,_C:K TO SEE IF BEYC, 4D THE LIMITS OF
C-. THE TYfPE OF MISSION LK .)

IFxJ.LT.LL:I , 1) .OR. J.GT.LU-'I ,1') GO TO 1S
DO 133 K=LLKI,2),LU(I,2

*COEF=EqS' (I ,K)*.MHEK I)

AIJ,NEQ,LPX,(I,J,K,L.) )= COEF
WARiTE 1 3,04')NE- ,LP::K I, , K, L) ,AI J(NE ,LP x 2 ,K.LK' )

NAME,' I) M- S J) , KG ' K) L
,,(,ANSEQ.0 GO TO 13?

PRINT 04,NEQ,LPx ,J,K,L) ,A iJN E O,L p I , ,-KL)
*ME'. I " ,S' ' ,KG':K) E ,L

-. C,,,SCER SUPFL( CAR30 IF 2ULK CARGO IS CONSIDERED

13 IFKK.EQ.3) THEM
AT J ,tIE ,LP , i,5,L * = COEF

S.,JKiTE: 13,04 :,EJ,La', I ,J 5L) ,A .ICNEO,LPX'A ,J,5,L.)
I NAMEK I" ,MS' J, ,KG 5),L

IF:LANS. 0 00 70 13

D-

:I"" - - " .' " "" ".: ": " "' .. " " -' "' " ." ' '' .. - ""-



A. A

R3 13, 03.E-, , RHSKNEQ)
IF (LAIS.E&.0: GO TO 12
PRINT 03,NEQ,RHSNEQ)

C...... ..............................................................
112 CONTINUE
1!0 CONTINUE

C-S

C** SET UP EQUATION'S FOR THE AIRPORT LIMITATIONS
C p R IT 4---------------------------------------------

PRINT PIT AIRPORT LIMITATIONS'
PR:NT *, ..

WRiTEK 13,)--------------------------------
,R ITEK13,*) ' A IRPORT LIMITATIONS'
WRITE' 13,*---------------------------------

C44 FOR EACH PERI1OD

DO 122 L=,NP
NEQ=NEQ+ I

C ......................................................... ...........
C** FOR EACH MAC T':'PE AIRCRAFT

DO 124 1=1 NMAC

IF ,L.LT.NFP,-I.• GO TO 124

C
C.. FOR.F' E'CTNSTI THE APOD '.=2,3)

C
DO 126 J=2,

iFKJ.LT.LL,':I,1).OR.J.GT.LU(I,1)) GO TO 126

COEF=lA0000*GTC I )/REAL(NPRK, I )*24*LP)
DO 128 K=LL(I,2),LUI,2)

AI J:NEQ , LPX (iJ,K,L))=COEF
WRITEK'13,04)NEO.LP' I .J.K,L) ,A7JNEO,LR;<K,1,KL :

NAME i) ,MSJ) KG(' , L
IF (LANS.EQ3.O) GO TO 129
PRINT 04,NEQ,LP ..(I,J,K,L),AIJNEQLPX I,J,K,L),,

NArE lI ,S(J) ,KG,K L
E Q ). THEN

':'J-- ,-- K, ,J,5,L Y := COEF
. ,04 )NE',, LP', i , J, 51, L) ,AI JNEQ,LPXi i , J 5, L):

r E .i ,"S .i ,KG 5' ,,L

IFK"L.N. .E..0. GO TO 123
K ELSE

GO TO .2S

PRINT 0 , 0 E0,LP v TI,J,5,L,) ,AUj'NE', LPX ( I ,J,5,L) ,
F , rj', u . ."- I1.

1T2L CJ:-1 L• -C'-- 7T: IL E

C . EC:- F" :- -: ,C AT THE APOD

*
DC, 1-1 E " 1T.

i N-'L' I .E'].Oj GO TO 130

K. . -......... ... . . _ .- - -- - t . - _ w . --fli~,i,~ll I~iIilil~ -ii



DO 116 K=LLK:,2 , L'JKI,2)

AIJ(NEQ,LRI(,J,K,L} CO'
UJRITEK 13qO4)NEO,LRAu: , , ,L> ,A!JKNEG ,LP:KKI,J, 1<,L)),

N,4MEK Ii,MS(J) ,KG r),'

IF (LANS.EO.0) GO TO 117
PRINT 04,NEQ,LP'.IJKL)AIJ(NEO,LPX I ,J,K,L) >,9

I NAMEKIS),0K,

C
C** CONSIDER SUPPLY CARGO IF BULK CARGO IS CONSIDERED2
C
117 I70K.E.3) THEN

AIJ'lNEQ ,LPXK I,'5, L .COEF
WRITEK 13,04)NEO ,LRX I ,J,5,L) ,AIJ(NEQ,LPX(I ,J,5,L) ), -

INAME: I) ,MS(J) ,KG(5) ,L
IF:LANS. EQ .0) GO TO 116

ELSE
GO TO 116

END IF
PRINT 04,NEO,LPX(I ,J,5,L) ,AlI(NEO,LPX( I,J,5,L) >5

1 NAMEK I) ,MSKJ) ,KGK5) ,L

116 COINE

C
Q* FOR THE INTR0THEATER MISSIONS
C '* CHECK FOR MS OLUT OF LIMITS AND AC THAT SPECIALIZE IN INTRA(LL3)

c-
IF(LL(I,1).GT.3 .OR.LU(I,i).LT.3) GO TO 1138
IF(LL(I,L).NE.3j COEF='1000*DIST2n)/(D15ThD*UTE:I ,3))
IF(LLKI,l)E0.3) COEF=K1000/UTE(1,3))

DO 120 K=LL(I,2),LUIJ~,2)
AIJ(NEO,LK:I ,3,K,LP)=COEF
WRITEK:3,O4)NE2,LP;1 ,3 ,K ,L) ,AIJKNEQ,LPXK 1,3, K,L))

I ~NAMEJ ) ,MSK 3), KG(K) ,L
*IF (LANS.EO.0) GO TO 121

PRINT 04 ,NEQ ,LPX I ,3,K,L) ,AIJKNEQ,LPX( I ,,K,L) >5

t NAMEK I) ,MS(3) ,KGKK) ,L

>4 OCNS.I DER SUPPLY CARGO IF BULK CARGO IS CONSI DERED

o120 IFKK.EQ.SJ THE,''.
AIJKNEO,L.'(I,3,5,L))=COEF
WRITEK 13, 04'NEQ ,LPX: 1,3,5, L),AI j(NE , LPX( 3,3,5, L) >,

NAME: I),MS(3),KGK s ,L
IF(LANS.EO.O) GO TO 120

ELSE
4 GO TO 10

END IF
PRINT O4,NEO,LPXK,3,5,L},AjNE , LRXKI ,3,5 1 L)),

1 NIAME: I) ,M3),KG:5 ,L

123 CONTINUE
113 ONTI1N UL

C*- INSERT THE RHS OF THE CONSTRAINT

0-4
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'CC

C*4 THIS BUILDS THE FOLZCUING INEQUALITY CONStRINTS INTO THE Al, MATRIX
C**. AIRCRAFT UTE RATE
C*-* 2. AIRPORT LIMITATI ONS

4. MHE LIMITATIONS AT THE APO[
C** 5. MHE LIMITATIONS AT THE FRONT
C4.* 6. POSSIBLE NUMBER OF DEPLOYED UN:TS

4 7. I NTRATHEATE R SHIPMENT OF Ui:TS FROM THE APOD TO THE FRONT
C** B. INTRATHEATER SHIPMENT OF SUPPLIES FROM, THE APOD TO THE FRONT

C. LIIT LIHKAtE CEILING

C+* 10. UNiT LINKAGE FLOOR
C**
C

C HARA CT ER NAME~~ K 10 ) * 6, UNAM E K: 1 1): * !4, H".AM E KS 3) * 14

CHARACTERRHR0K40,55,,KTSK10 "

NHA7 Th ...PA,1 RCDOLSK9,35

C "tM ." I",,KTSV1A

C GT,110.),MHE !0.),NFP<10.),NPRK17I0.
C:'MHCN/A C/ I ST . ,TINTER,,!0').,TlINTPRA 10.),EAS,'1,~4'),CPI"'4"'..

C NA N.:.: , LPAL , PRC , GLS!" 9, 3)

CO KrA1 H NUNITS ,NLNT , 10 ', NTONI 1, 5) ,FP( 1 0 ) ,NAT K 10 , NFT,: 10
C N7A C, F ,NPK, 10 ,NTP, 1l) ,NTY,1 I IABNCI K10) , IYP,NHO K2)

F,--, . T"... , LP , P ,NCR,,NEQ LLRITLL , 10 , L, LK 0,2' LX O 4,5,4)

C L P': 1 ,, 4 ,AI JK 150 ,300' RHS150),LPS3.,5,4),LPSL(4),LPR(10),
,_. NT ' fl F 5 . LWTK3). ,NI.1CK ': ,i ,WG '15 0). ,NDU< 'JK 1 ) ,NI D

C -C,,l,, .. H. 'NAME UNAME, GNAME , MS, KO ,MD

C* CHECK TO' LEE IF ECHO DESIRED
C

PRINT ECHO,-,L ON THE #1 PRIORITY CONTRAINTS,1-CO'4
* REA, *,LD4S

L ;s= U]

PRINT *,"
.... . INEQUALITY CONSTRAINTS [= -'

PRINT ,
C-2
i-** 5E- UP S'!'T,::, FOR THE AIRERAFT UTERAT **

PRINT " AI:RCRAFT UTE RATE'

PRO:J

PC,;,TE. PATE'

Yj:T 7EK1 AICRFT- U"'E RATE'

C@ FOR E: T:'PE OF AIRCRAFT
DO 1I0 ,NM C

C:"' FC:R E:-.C-, LE:O. .
DC ''2 L NiFP 1 ,,F'*1

NE; HE I
C.,.................... ................. .............................
C*' FP]lF THE II'JErHEATER ISSiN'S I

DO i 14 =- I,1 ',LU' 1 ,1 1
J EO. GO TO 114

* •



- ~ ~ ~ ~ - -,1-L 7;p. -~K :

ELS

C~~~N IF' M013 DE

C
.C"' THE ' EXCE FOR THERIO

i J NEL , LPX< I ,J, 5, L-) 1K. R S 5
WR4 E1T ) E 4),LR L)EQ,LP ,J,, L AAIJ(IN EQL PX, J,5,L.)

N FE,. M '-S,:. J.. V KG }, IL

IFILANS.E..) GO TO 85
ELSE

GO TO 5

R"7 0EQLNE , P ,,J,5,L),A 1E JL,5,L):,,
P RI T0 ,1NAEOLP.K I ) , KiJ ' K 5 , L

85CONT INUE
C CONT7 i NUE _

C* THE EXCESS FOR THIS PERIOD
C

A.' J i', E ;I , L F R ':: L. 1 . 0

WRITE 13 ,2)NEQLPR'L) . .E

4 1L .t. A Q , L r' R' ,E L, -P I: 1.0

IFkL.E.3) GO T 8

A . 02 i" '3 , )L,,'1 u . .. .,0 ',, ,L R .

C

F(L, ) G O T8 6

WRITES 1 3)<N "R=',LCR':-),IJNQLR.-)

CI ORA ST.AT?'ENT G T 8

P FORAN 02, ,'4 P,LR(L-1 ) JNE ,L'R L-I

C* INP T THE ,.'3 H 7 HA , 1 D I 5E OF THE ELAT3ON
C

U R I E 13 0 IE H ....... . . .
I F *L.AN:--. E*. .i-! 2: 0
PRINT ON RSNQ

3.0 CONT!IN4UE
C

NCR=NEQ
WJR I T E -: I 'N * CR N ,..CR

C-4 F" HT~ S7, ..."17 : iT:. S

.j F 0 'o J 4 '1 " F 4 -
0 ' F,' RfAT( ( 4. F, . , ....."" " : .. .. ... . .... , .1 A 4 ,I3

08 FR.HE ' ( 14 , ' ) " F .4 .5 ,./ -- - -- - -- - -- - -- - -- - - -

ED



72 CONTINUE

C** CONSIDER THE SL RESTRICTION FOR TRUCKING
C

AI;KNEO,LPSLI:L))= -1.06
WRITE213 ,02)NEO ,LPSLKL) ,AI J(NEQ .LF;L§ L)
IF'XSNS.E.) PRINT 02,NEQ,LSLKL) ,41.JNEO .LPSLCL

C** THE EXCESS FOR THIS PERIOD

nIJ:NEQ.LPS(3,5,L))= -1.0q
WRITE:C13,02)NEQ ,LPSW35,)AZJ(NE*LPS(3,5,L .
IF 2LA-NS.EQ. 0I GO TO 74
PRINT 02,NES,LPSK3,5,Lh ljNE,LPS(3,5,L))!

C
C* THE EXCESS FROM THE PREVIOUS FERIOL

4 C
74 IFKL.NE.I) AiJ(NEO,LPS(3,5,L-1u) 1.0

IF(L.EQ.1) GO TO 76
WRiTE'aS,02)NEQ,LPSQ ,5,-1),AiJKNEO,LPS(3,5,L-1))
IF (LANS.EQ.0. GO TO 76
PRINT 02 ,NEO ,LS( 3,5 ,L-I ),AlJKNED,LPE$3,5 ,L-1i>

Q4# INPUT THE RIG T HAN SIE OF THE EQUATION

7: RHu<NE'r= 0.0
WRITC 1 ;,03 NEQRHS(NEQ)
IFQLPNS.Eu. 0GOii TO 69
PRINT 08,NEL PH NEO)

C.......................................................... ............

04 EZATINT FO UNIT AEILITITIES

PRIC'NT *,? -- - - - - - - - -- - - - - - - -
PRINT W RIGOGER CONSTPAIN7'

PRN4 '-------------------------

WiRu7E03,*' RIGGER CONSTRAINT"

Q* FOP EACH PERIOD
DO 30 L=i ,NP

NE:=NEW!
C............. ............ ..............................................

DO 32 1=1 INNAC
DO 83 J=LLK ,1',LU( 1,1
IFKJ.NE.4) 00 TO 83

DO 35 K=LI,2' ,LUK1,2)
IF(K.EQ.4' GO TO 85
IFKL.LT.NFFKlir GO TO 85
AIJKNEQ,LPQ I ,J,K,L))= hARGQ I,K,1I'
WRITE 13 ,OtNE , LFX(I, J,K ,L) ,AI JKNEO ,LPXK I,U, K,U)),

1 NAMEQ)ii,M%$U) ,KO':K',L
IF : LANE. EQ.0) GO TOl 87
PRINT 04,NEQ,LPZKI,J,K,Li,AIUKNEO,LP KI.JK,a}',

D-62



C44- FO~R AL. T+E FER:OD

IRK E.: OOEF=I

AIJNEO,LPUI,M,L))= COEF
WRIT' 13,O3)NEO,LPUKI ,M,L) ,gIJNEO,LP!KI ,M,L1))

IF (LHPS.EO.O) GO TO 202
PRIi7 034EQ.LRUKI ,M,L) ,AIJKNEI,LRUK I, M L) )

202 CONTILUE
200 C-C NTiNIE

*IPS CONTINUE
* 197 CONTINLUE

4C** INPUT THE RIGHT HA.ND SIDE OF THE EQUflTION
C

RHSKNEQ)= 2.0
WRITE: 13,OS)NEO,RHSKNEO>)
IFKLA~NS.EO.0) GO TO 204
PRINT 0S,NE9,RHSKNEQ)

c.,............ I........ I........... .........................
2041 CO0NTI1NU E

C** FORMAT S'hLTkJ - 7
C

02 FORMP1TK Ad' ,2I4,"="Fl4S::
4CS FORM57 A 1 ' k1,24,")=, F 14.5, A 14 ,2XA5, 13W

Q4 FORMAT(' HI ",24,"'- F14.5,5X,A6,2:,A5.2)K,A4,13)
03 FOWM7 P"RnS(,14,'="F 4.5,/,--------------------------------- 1

LAE

4 RE 'URNW
EN D

7EROUT -NE

C** THIS BUILDS THE CONSTRAINT FOR THE NUMBER OF POSSIBLE AIRCRAFTal
L** SORTIES POSSIBLE.

CHARACTER N& E1J.*&UNAME(i1 '*14, ONAME K3)<A,!FNAIE*6
CHARACTER 115K41.,0K05.14, MD(*5
CC:MMCNI ACF./rtAC,NACK:OJ,A'A7L101 ,UTEIO,4) ,KARG(i0,5,2l ,KTSK10),
C or:10) ,MHE' 0) ,NFl 101RP( Og S

COMMCb-AFD/DE(iET:.' E ±u.,TINTRAK10) ,EASK10 ,4) ,CPI K4),
C NHrA.2),NFAL,RC,GLSK? 43)

CCPAMON/AE/NF , L ,iP ,NCR ,Nfl ,NPRIT ,LLK 10, 2), LU: 10,21:, LPXK 10,4,5,4),
C LPUK 10,3,4) ,AI JK150,300 ,RHSK 150) ,LPSK 3,5,4) ,LPSLK 4),LP" 10 ,
C NT 1150), LMTKS) ,NC Kifly NLJT K150), NDV K 50) ,NID

COMMCN/CHR/NAME ,UNAME , NAME ,MS ,KG ,MD

LANZ=7

D - 7,S



- - - Vw~ v w n w V rr -- - - - - -- - - - - - --------- y-r-r -- ~ - -

PRIN S T UPEUTOSFREAIRCRAFT SOR T ES

W RITE(3*9 AIRCRAF SORTE'1

WRITEK 13 ,*)-- - - - - - - - - - - - - - - -

W FRITEACH3TPE) O AIRCRAFT SOTE

DOTE 10 3,) -

C
C** FOP E'ACH TPEIOF ICRF

C

4 DO 102 L=rNsPKIN

NC02)=NC&2)f1
£ ..............................................................

DO 1-04 J=LL I,!) ,LU,( 1 1)

* *~ F__ THE 1 i iHATER MISSIONS
C

IFKJ.NE.31 THE.*>
COEF=TINTERK7:

C
C** FOR THE INTRgITHEATER MISSIONS

ELSE iFKJ.EQ.3) THEN
COEF=TINTRA'.)

DO 106 K=LL: I,2, IU"12:
AljKNEa,LPX::< I V i E

* WRITE',13,04NEU LD 1< u ,L,A:3'2NEQ,LFXKI A ,K,L)),
1 NAMEKI),MS,3) ,KG()L

IF '1445. ET.0' GO TO 107
PRI~NT 04 ,NEJ,LR'K. ,3 ,K,L) ,AIJ(NEQ,LPKK 193,K ,L) )

INAMEK ),riS> *,KGK,

* C
*C.-. CWSIDER THE SUFPLY CAR5O IF BULK IS CONSIDERED
* C
*107 iFKK.EQ.3) THEN

A13'NE9,LRKKI,3,5L)=OEF
WRITEK 13 ,04)NEQ,LPYK 1,3 qE,L),A13':NEQ,LPKKI ,JIS,L) )

i NMMEK ,2 3) ,I<S( 5',L
IFKL4NS.EO00 GO TO 10;

GO TO 106
END IF
PRINT 04 ,NED ,LD\K 1,3,5 ,U ,AI3NEO,LPXK I ,3,5,L)),

1NAMEK ) ,MSK3) ,KOKS) ,L
*10.6 CONTINUE

104 CONTINUE
C*' IN PUT THE RHS

D-77



RHS(NE0)=N#C( I I:'A QiIL' I .' *L

WRITE( 1 3, : 3) NE2, RHS( (NEi3,
IF (LANS.EQ.0: GO TO 102
PRINT OS,,NEQ,RHSKNE'L

CC ................ ......................................................
102 CONTINUE
I00 CONTINUE

C

C* FORPATr ST .=TE.ENTS

c4 FOPMATK '4i J,' "214,=' ,F14.-,,. 5 , A5,2".,A4, i)

0: FORMAT !,'RHS,' ,1 ,."' ,F14 .. _,,-------------------

C
RETURN
E D

C*S

SUEROUTINE MGOAL
C
C MA K E3 THE G OALS DESIRED B T HE US.ER

CHARACTER NAME K 0) *,, WANE i *14, ONAMEK 3) *1%, F.AME*6
CHARACTER. S )C.KGKI.44,MD(3.*"
Co it.-i."A/C F. NMA C ,NA C -, : 0.:,AA L K 1 0 ,UT EO ,4) ,KARG. 10 ,5,2 , It 0)

C GT'h 1 0 ) , MHE( 10 ',NFPK 10.. ,NPRK( 10 :
C"rCN,"A P D~iD Z T , T ) I '-' T.E .

.1 -,2 1ElAL RI GLS '  3::
V NH'.:2 , kJ ,RU,t....,3

0.. t N" I" NUNTI'10 ) ,NTON: 11, 5 ,NFP (10) ,NAT '0) ,NFT( 10),
C NT C' I 0) ,NPK(lI0 ,NT P': 11 ,NTlK 11 , IAB( 10) ,;NCi K: 10) , I(P ,NHO(:2::

O CNi BNP, P , I P, N C , NE P RI T, L L( 1 ,2) ,LU( 10 2) , LPX'0 , 4,5,4),
u LPJ 1J.0 41 ,A 5 1 0~ 0))R.HS..150) ,LPS3, 5, 4) LPSL(4) ,LPRK10,

C" NT'' <'- C' 0 ,NWGT, 10 ,ND)(5 , N I D
1";. . :14 E UiNt"I E ,aG i , , S , ,

0C
C PR T- _. .... " . 'F, N, NEEDED FOR THIS FILE
C

.R:N. , T , F .. -I'G DATA IS NEEDED TO ESTrABL:SH THE GOALS"

PRINT
* PR IT ,

PRIT * . PP 7 T-Y NUMBER (2 THROUGH 9, INTEGER)
PRINT *
PRINT * '2. TFE GOAL, FROM ONE OF THE FOLL'.iNG:
PRINT FC"T L:NE TRACE DISTANCE'
PRIT h B AT17I-TANK TR H'
.PR C. FIREPOWER

PR:NT D. DEPLO"YENT OF AN ARTY UNIT
PRINT
PRiNT * 3. SPECIF.ED AMOUNT OF THE T(PE GOAL (REAL'
PRINT
PR:INT *,"4. PERIOD COMIPLETION DESIRED (INTEGER)"
PRINT *
PRINT *,'IF YOU D0 NOT HA.,E ALL THE ABO',)E DATA, YOU MAY TERMINATE

COR CONTIINUE. '

K K > ff i,- ?.



GO rT,O lUlfloflT

END IF
IF(NRES-_.EO9.O) STOP

C
C** INPUT THE GOAL NAMES
C

GNAMIE( 1' I F R ONT. LINE TRACE'
GNAIE 2 ) 'r~i-TANK POWER'

C*' START THE INFUT PROCESSc
C

12 PRINT 5

PPINT *,SEEO THE GOA-L TY(PE FORP PRIORITY /,I
K= I( P 3
Do 13 8= j

IFT$J.LE.3 PRINT J,4, GNIiAME% J
IFK J.,0T.23 PRIT7 9 ,J,UNAMIE(J-3)

PRIT *'~-IF FINISHED TYPE 0'

G il 0) GO TO 0 f2
Ir1 S }.TKO0 G L S I1)1LT.1I TH EN

PR'NT * 'NOT A W)ALl D REPLY, P L EASE RE-ENiTER.

N I I

T4, 'E1727 r iH D COMPLETION DES'IRED '.
REt11 *, GLSI, 13J

C* CHECK" TO SE7E IF THER1E IS MEMORY FOR MORE G>_,- LS

IFK I .EO.S) PRINT *, '**-t YOU HAVE MEMORY,1 FOR ONLY( ONE MORE GOAL.'"
IF"IE.;TE

PRN * YU ARFE OUT OF M!E"MOR FOR GOH LS.'

END IF9

0O TOl 12

4* A SK I F THE FI7LE IS TO BE VIEWED

20 PRIN1-T ,'DC YOU WANT TO SEE THE LIST OF GOALS? "-,/./0=N)
21 READ , i~lu

4 1F:IVU .GT. .ORI'ULT .0) THEN
PRINT *'NOT A V."LI D REPLY, PLES ENTER (i ' '0-N'
GO TO 21

D-79



C*- PRINT1 OUT THE FILE IF IYU I

I F i IUE.) T HENZ
DO 24 J=2,NPRiT

IFKGL<1).T.3) THEN
K=INTl(GLS(J, 1 )-3)
L=INT(GLS(J,3')
PRINT 25,J,GLS('lJ,2),LJAME(K),L

L= INTG L S J ,3))
PRINT 25,J,GLS(zJ,2),GNAME, K),L

EN D I V
24 CONT IN-.UE

ENE C IF

C*-' SE- UP THE NUMBER OF CONSTRAINTS FOR EACH GOAL AND THE NUMBER
0*. OF GOALS

D0 40 I= ,NG

40 C ONTI NU E

C0e FO0, Ft 1J ST5 TDENTSIr--

9? FC0RMIAT(2'2 A1.

25 FO0R M ALT 0" ML # ,12, IS3 'F 51, OF ',A16,' BY'1 PERI'OD,12)

C~ THI S SET S UP THE GOAL1S
C

REA L 06,J
CHARACTER NAE1:iUA-I.'1,tM()14
CH5RH;CTER M5K14)*5,K~k5,*4MO:.*

CCMMN/AFYNAC NAC :OAYI U :0 ,UEAO4) K.ARG(.iC,5,2-) ,KTS(10),

C G7: 10) ,M'HE( :0,) ,NFP: 10) ,NlP R K( 10)
COMCIN/'P D/D I ST(2) , TINT7ERKI 0j ,INT RH 1 0' ,EA S( 'A, 4'), 1 :4.),

C NHA',2) ,NR-L,RQC,GLS-'9,3')
COMMON./ARMA /NUN I TS , NLINT: 10.) ,TN701, '.) ,NFF'. 10) ,NAT-" 10) ,NFT 10),

C NTA C 10) ,1NPC:10) ,NT PK 11) NT: I1) I B( 10) ,NCI K 10, U P ,N HQ01( 2)
C OMM ON/ TA B/N P, L P , I P , NC R, N EO , iP R IT ,L L( 10,2) ,LLI( 10 , 2) , LPX( 10 ,4 ,5 ,4'),

C LPU10,34) ,IJ(10 ,30 ,RS (10',LPS: 3,5,4) ,LPSL(4) ,LPR( ,10),

C NT: 15 0 , L1,(3) ,N C: 10." ,NW GT,'150) ,NDVK 15 0) INIO
C OMM ON/ CH R/NAM E ,UNAM E ,N~ WAE .,MS ,KG J

* C

D-SO
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0** GO TO THE PROPER TY(PE
C

I F(CP. ST .P) I DP=NP

IF(ITYPE.GT.3) THEN
I UT= ITYPE-3
ITYPE=4

END I F
GO TO (09,19,29,35)ITYPE

C
C*4 TYPE I
C** SET UP EQUATInNS FOR FRONT LINE TRACE
C

0? PRINT * ' L
PRINT *," FRONT LINE TRACE'
PRINT *, " -----------
WRITEK 13,*) .------------
WRITE-,13,*)' FRONT LINE TRACE"
WRITE(13,*)" ------------ "

C** INCREMENT THE ROW BY 1
C

NEQ=NE+ 1
............................- -.......... ', ..........

C* FROM THE UNIt DELI VERE.D TO THE FRONT ,,=K AND THOSE
C** UNITS DELTIERED BY INTRATHEATER AC (N=.'
C

C±* FOR E:-CH PER: 00 UP TO THE DESIRED TIME
C

DO 10 L=I,IDP
C
C** FOR EACH UNIT WITH NFT(I).NE.O
C

DO 11 I=I,NUNITS+1
IF ,NFT,(I).EO.O) GO TO 11
DO 15 N-,3

I F I .G3T IYP. AND. I . LE.NUMITS.AND-M.NE .2) GO TO 15
IF-"I.LE.IYP.AND.M.EQ.2) GO TO 15

1FLNT ).LT..AND.IAB'i1).EQ.O.AND.M.E.I' GO TO 15
IF(LMT(2).E.O.AlND.M..EO.1) GO TO 15
, .LT: ,E .. N .. Q 1 GO TOtS

IF,'AB(IEQ.1.AND.M.NE.1) GO TO 15
A J(NEDLPU I ,ML) )=NFT( I)
WRITE,- 13,03)NEQLPU,:I M,L) AIJ(NEQ,LPU(I,M,L))

UNAME 1i) ,MD M) L
IF "-,NE.EQ. 0: GO TO 15

PRINT 03,NEOLPU( IML),AIJ(NEOLPU(I,M,L)

1 UNAME. I) ,MDM) L
1 5 ICONT I UE

CONT INUE
10 CONT INUE

C
C** FOR EACH UNIT GOING TO THE FRONT 1 ... IYP) WITHOUT
C*4 AIRLIFT (1=2)
C

DO 12 I=l, 1 P
IF,:NF7 I! .EJ.O.OR.NT'.,')i).E-.O) GO TO 12
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:t<A M(.E0.1) GO TO 12
MttNTK '10ST C2))/REAL KNTV$ : LP)
IF (MY.O.IDPi' 00 TO 12

C** FMR EACH PERIOD UNTIL lOP-MY
c

DO 13 L=1IDP-MY
AIJ(NE,LPU(,2,L))=NFT'.i)
WRITEC 13 ,03)NEO ,LPUK I,2,L) ,AIJ(NEO ,LPU( 1,2 ,D))

I UNAMEC V ,MD( 2) ,L
IF (LANS.EO.O) GO TO 13

PRINJT O'3NEJ,LPU21,2,L) ,.iJKNEO,LPLI(I,2,L)),
1 LUH'PE' V ,MDK2),

*13 CONTINUE
12 CONTiNUE

RHS'INEMMO.
WRITEK13,o8rIEJ,RHSNE:

IFKANE C fl PRINT O3,NE , RHSKNEP
L...................................................................

RETURN
C
C*t TYPE 2

4 C~jSET UF EQLATIONC FOR ANTI TANK

19 PRINT -- - - -- - - -- - - -

P RI1NT *,ANTI TANK'
PRINT -- - - -- - - -- - - -
WRITEK 3,0 -- - - - - - - - - - -
WRITE,,*) ANTI TANIK>
WRITEK 13 ) -- - - - - - - - - - - -

0** INCREMENT THE ROW BY 1
C

NEQPJE2+l
C...........................................................
C*-* FROM THE FRONT
C* FOR EACH PERIOD UP TO THE DESIRED IN

VS 20 L=1r 7

0t* FOR EACH UNIT WITH NAT(ILNE.O

D0 2'1 1 INUNITS+1
IF'M' D.E].O) GO TO 21
DO 2C 4= *,3

rF.T.IYP.AND.I.LE.NUNITS.AND.M.NE.2) GO TO 25
IF :LE.IYP.AND.M.EO).2) GO TO 25

IFKLNT(1).LT.1.AND.IAB(I).EO.O.AND.M.EO.V) GO TO 25
IFKLMT(2).EO.O.AND.M.EO.1) GO TO 25
IFCLMTK3 EQ0.AND.M.EQ. 1)0GO TO 25
IFKiRBWI.E.1.AND.M.NE.1) GO TO 25

Al G(EO ,LPU( 1,M ,L )NAT )
WRITE(13,03)NEJ,LPU I ,M,L),A1JiNEQ,LPi(I ,M,L)),

1 UNME: I) ,MD:M), L
IF (LANS.EO.O' GO TO 25
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P'R.,.T O,3,NE,LP': ,ri,'u" ,A:J'.>":.L, _.yK ,,-UNAME K ) ,3"N ' 'L1) , L

25 CONTINUE
21 CONT I NUE
20 CONTINUE
C
C** FROM THE APOD FOR EACH UNIT WAALt<N9 TO THE
C** FRONT <J=l...IYP,M=2)

DO 22 1IYP
IF(NAT() EQ. 0.OR.NTYI), .EQ. GO TO 22
My= NTKK DI ST / 2)),REAL(NTY< I ) *LP, )
IF (MY.GT.IDP) GO TO 22

C** FOR EACH PERIOD UNTIL IDP-MY
C

DO 23 L=L,IDP-MY

A IJ ' NEQ ,LPU, I ,2,L ) "' =rAT' I)
WRITE<"13,03)NEQ,LPUKI,2,L),AIJ:NEQ,LPU<1,2,L) ,

I UNAMEK I) ,MD(2) ,L
IF (LANS.EQ.O) GO TO 23
PRINT 03,NEQ,LPU,'I,2,L),AIJ(NEQ,LPU<I,2,L)),

1 UNAMEK I) ,MDM 2),
23 CONTINUE

CONTINUE
RHS(NEQ)=OBJ

WRITE',, 3,08) N -EQ , RP H , E...
IFKLANS.EQ.1) PRINT 08,NEQ,RHS:NEQ)

* ..................... ...................... ..........
P9 T U Pr.

C
C** TYPE 3
C** SET UP EQUATIONS FOR COMBAT POWER
C
2- PRINT *,

PRINT ' FIREPOWER'

PRINT *,--

WRITE( 13,*')
R ITE' 13,*' FIREPOWER"

,RiTE,' 3 *. -------------------------
C** INCREMENT THE ROW BY 1

NE Q=NEQ+ 1
C......................................................
C'* FRCM THE FRONT
O** FOR EACH PERIOD UP TO THE DESIRED TIME
C

DO 30 L=1,IDP
C** FOR EACH UNIT

DO 31 I=I ,NUITS+I
IF.KNFPKI).EQ.O.CR.CPI.(L).EQ.O) GO TO 31
DO 35 M=1,3

I F'l.I.GT.I P.SAND .I.LENUNITS.AND.M .NE,2) GO TO 35
IF'I.LE.IYP.AND.M.EQ.2) GO TO 35

IF'LMT(1).LT.1.ANDIAB(I)EOANJDMEQ.1) GO TO 35
IFK:LMTK2).EQ.O.AND.,M.EQ.1) GO TO 35
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IFKL k .E..ANO .A.E1.i1; GO TO 35
.1 ANDI N i)GO TO 35

AIJ'4NE 02 (IM,L) )NFP( I)*OPIKL)
WRiTEK 1 ,O MEG ,LPU(I ,MN,L) ,AIj(NEO,LPU( I,M,L) )

1 UNPME ,Mu' P) ,L
IF (LANC EQ.0) GO TO 35
PRINT 00 ,NEO ,L0U( I,M ,L) ,AiJ(NEO ,LPL I ,M ,L))

1 ~UNAME'.I) ,MDCM) ,L
35 CONTINUE
31 CONTINUE
30 CONTINUE

C
0*. FROM THE APOD FOR EAH UN IT WALKING TO THE FRONT (I=1...IYP ,M=2)
C

DO 32 I=1,IYP
IF:NFPiW.E.O.OR.NTY(I).EQ.:) GO TO 32
IF:IABDI.EQ.11 GO TO 32
MY=INT( (DiSTK 2))./REAL(NTk)(I) *LP) )
IF (MY.GT.iDP) GO TO 32

C
C*~* FOR EACH PERIOD UNTIL lOP-MY
C

DO 33 L=1,IDP-MY

WRITE( 13,03)NEO1 LJ(I1,2,L) ,AIJ'NEJ,LRUCi ,2,L....
I UNAIE(I) ,MD(2) ,L

IF (LANS.E&.0) GO TO 33
PRINT 03,NEO,LRU(I *2,L):,AIJ(NEO,LPU(I ,2,U)),

I UNANE I) ,MD (2) *L

33 CONTINUE
32 CONTINUE
34 RHS(NEQsOB8J

WRITE:13 ,08)NE0,RHSVNED)
IFQLANS.EJ.1) PRINT O8,NEO,RHS(NEd.)

RETURN-

C ** TYPE 4
C** GOAL FOR A SRECIFi: 02 UNT 0I) DEPLOYED BY PERIOD IDP
C

3? PRINT *-----------------------------

PRINT *' UNIT GOAL'
PR~INT * - - - -- - - - -- - - -

WITEK13 ,*)----------------------------

WUFIT EK 13, *' UNIT GOIAL'
WP.ITE( 13,*)- -------------------------

Cn INCREMENT THE ROW BY I
NEQ=NEQ' 1

C...........................................................

C** FROM THE FRONT
C*' FOR EACH PERIOD UP TO THE DESIRED TIME
C

DO 40 L=I,IDP
DO 41 M=1,3,2

IF(L;ITII'.LT .1.AND.IAB'IUT.EO0.AND.M.EQ.D) GO TO 41

D-84



, , . - . . .-.- -. ,. , .-V c.,, . -. r:. "* . , . .r r . .: ' -. ' -* . . .*.- - ,-.. . ." , .

I.MT. 2 .3 .AND .M .E OT4
..... T. C.E .. C .M E'.i GO TO 41
IF', AB' JUT) .E.I AIND .i.NE .I) GO TO 41

AIJ:NEO ,LPU, IUT,M,L :I .0
WRITE, 13, 03)NEO, LPU I UT ,1M M) A J N E LPUK J UT ,M L )

UNAME J UT) ,MD1 ) , L

IF ,L1 iS.E2.01 GO TO' 41
PRINT 03,NEQ,LPUKiUT,.'L):,,ALJN'EOLPU,(IUT,M,L))

1 1NAMEK JUT) ,MD(M) , L
C 1 CONT I NUE

40 CO.NT INUE
C

- FRO' T.E .F.. FUPIT
C

IF (NTY)'IUT).EQ.O) GO TO0 42
MY= iT K Di 3T )/R EA L 'NT1 I UT) LP )
iF MYGT.iDP) GO TO 42

C

C* FOR EACH PERIOD UNTIL IDP-MY
C

C:-O 43 L=1,1DP-MY
AJK(NEI,LPU('. UT, , , 1 .

L, R T 7 E 11303 ) N E , 'N E LPU( JUT 2 L) ,A i J i E Q L P I UT 2,
UN E :UT' ,MD" , L

I F KLA1.iS.E . GO TO 4 3
PRINT 03,NE>FLpJ','.UT,2,L. ,Ai JN.E,LPUI T,2 L.)

1 UNAMEK IT E( ,M D -2) L

42 C;Ti i7 i E

44 RHS,<NEO)=OBJ
W R ITE !3 13) NE',R R.HSN(E)"
JFK E, .I..'T O0,NEQ,RHSNEO:-

0 F , F i -1 JF14 4 .,A 303 FORMT A i J'2,2i 4,)="',F4. .5,3:-4 ,A 4, 2'ix.. . 5.,,I 3)

0 , .H . :=",F14. 5,,---------------------------
END

SUIBROUINE HEH.DER I
C

C** PRINTS OUT THE HEADER TO THE PROGRAM AS AN INTRODUCTION

CHARACTER, BLANK
PRINT 12

PRINT W, WELCOME TO'

PR::T *
-PINT *

PRINT *, DDDDD EEEEEE PPPPPP L 000

Cc *
PRINT *,' D D E P P L 0 0

PRINT *,' D E P P L 0 0
C Y Y"
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PR NT* ~ D D EEE== Fp D 0 7

PR INT D D E FL 0 0
£ *Y

PRINT* 0 D E P L C
C Y
PRI1NT*, , D E P L 0 0

PRINT *, ' 0000 EEEE P LLLILLL- 000

P pI1NT*

PRINT-'
,FR N17 G*OE

N 0O~~KL PROGRA'MMIGMDL

PIRI N T ,'FOR THE'

P P'1NT * ' PPID DEFLOY(MENT OF ARMED FORCES'
PRINT*
P RI7NT *, ' IPUT ANY CHAF CTER TO CONTINUE.
REA1D *qBLA.NK
P RIT 12

12 FOMT 0 //////w.
RETU1JRN

C OMMON/,TAO /NP ,LR PPNCRINE,,NP RI TL L10 ,2 ,LU 10,2) ,LPk 10,4,5,4),
C LP'J(1"0,31,4),flIJK15O,300) ,RHS(150) ,LPS:3,5,4 ,LPSL';4. ,LPRKIO)

NiT l~i.,L K.',C~1),'2,JGT7 1 0) ,N Ck 150) ,N 0 C

C*-* S-E7C LIP THE FILEr FDR THE RAFPROGRAM-

F-RI N- FMA"T'

DO~ 1227L= -

IF fi -).E0 ,T01

C~~ ~~ RRIT TH ILE AN FIN TH NU1E OF TERM (NT FO EC

I CNT< NU -

WRiTEK15,5)1,0 ,RHS( 7
10 CONTINUE

CLOS.E: 15
C
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APPEND IX F

PAEE £nbn_.zulina and Enncl,-izn Lia=±-n 3

C D . .  Computes the relative cost coefficients for each

variable in the current tableau and the objective

function value at the current priority.

-- (function) Places floating point values that are

within 1.E-5 of an integer to that integer.

P,,EI Read in any real (equal i ty) constraints and

performs a simplex procedure to find an initial
basic feasible solution.

PLACE Puts. the objective function weights for the

deviation variables at the current priority in the
correct position in the tableau.

POUT_ -- Prepares and prints the solution information.

REA- D2 , 2Fats in the goal constr ain ts and object ive
function terms assigned to the current priority.

TEST Determines the next entering variable's column and
r- C .

F-'
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C Eiini .na~ k_±n

IND(I) - Indicator row that marks the eligibility of a
variable to enter the basis.

JCOL(I,I) -- The type of variable in column I.

JCOL(I,2) -- The subscript of the variable in column I.

JPOU(I,I) -- The type of basic variable in row I, where type
is X=2; p=3; n=4.

JRCW(I,2) -- The subscript of the basic variable in row I.

NC(N) -- The number of constraints assigned to priority
N.

NCCLI The number of columns in the current tableau.

NPRIC The priority currently being optimized.

NPRIT Total number of priorities in the problem.

NROWI The number of rows in the current working
tableau.

NVJAR -- The number of decision variables.

TA-)The total deviation from the goals at priority
N.

TB(I) The right hand side constant of the constraint
in row I.

TE(I,J) The coefficient of the variable in column J of
the constraint in row I.

TL(N,J) -- The weight assigned to the basic variable in row
I at priority N.

TTKNJ,J -- The weight of the variable in column J at
priority N.
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AFFENDI- I

EaidB Listtng.

PROGRAM PAGP
- - - - - - - - - - - - - - - - - - - - - - ---- -- +- - -- - - - - -

C- CAPT D. 0. TATE THESIS WO0RK
o-------------+--------------+-------------+------------+-------------+-------------

CHARACTER KID0 88*24
COMMON TTi1O,4O2 ,TB::3O),TE(13O,4o2),TL:13O,1O),TA;1o),INB(13o),
C TIK1O,4O2)nJCOLK4O2,2)YNCOLI,NROWI,NPRIC,NC1O),JROW(130.2),
C NYAR,NPRIT,INDAO02),NTR:13OflNDYK13O:,NID,NWGTG13OLCTR

COMMON ./PHASE1/, 4 NRCON ,NDYR
COMMON /CHNIG/N.CON(130,10) ,NTOF:1Oj
COMMON/CHAR/KID
INTEGER ALTST

C
C *~*READ IN PROBLEM DATA
C

OPENI3,FILE='IFILE')
REWIND~ 13
OPEPIK14,FILE="TFiLE/)
REWINDK 14)
OPEN(15,FILE='RSFILE')
REWINDK 5)

C
C- INPLUT THE #PRIORITIES, #YARIABLES, #REAL
C- CONSTRAINTS, AND NEQ
C

READt4<*iNPRIT,NVAR,NRCON,NEO,NID
OPENK16,FiLE='IDFILE')
REWJIND0,6
DO 23 I=INID

* READ( 6,6)K,KiDK I)
23 CONTINUE
6 FcORs-k4,3>,24)

C
C- INFUT THE NUMEER OF CONSTRAINTS THAT WILL
C- BE ADDED AT EACH PRIORITY

* C
DO 22 NP=1 ,NPRIT

READ'4,*I ,NCi:NP#
IF K.INE.NP) THE.N

PRINT *,"I<) NP- I=', I,' NP=' ,NP
STOP

* END IF
22 CONTINUE

C
C- READ In THE DEVIATION VAR WEIGHTS AND THE NUMBER OF TERMS/EQUATION
c

DO 20 NR=I ,NEQ
* REs-DI 14, * I ,NDw I ,NWGT. I ,NTRK 2

IF( .NE.NPH THEN4
PRINT 4, NP- I= ,I,' NR= ,NR



STOF
END I F

20 C ONT INtlU E
PRINT IS INPRIT ,NYMR ,NRCON ,NEO
WRITEK 15, lc)NPRIT,NIAR,NRCON,NEQ

1o FORMAT-' NPRIT=' ,14,' NV~AR=',14,' NRCON=',14,' NEO=',14)
DO 10 NP=1,NPRIT

10 CONTINUE

1=0

*C- INPUT THE SUBSCRIPTS OF THE CONSTRAINTS
C- TO BE ADDED AT A SPECIF:C PRIORITY

DO 101 NP=1,NPRIT
IF (NC'NP.EQ.0') GO TO 101
N CTM P=N C NP)
DO 12 N=1 ,NCTMP

NCON(N ,NP)=I
12 CONT INUE
101 CONTINUE

C ~FORMATK 'NCONJ ,213,)=,I
C
C- I.NPUT THE NUMBER OF TERMS IN THE OBJEC7IYE
C- FUNCTION AT EACH PRIORITY

NTO0FK- 1 ) =NCK' I)
DO 14 J=2.Hrrli

NTO F .J) =NC,'J)
14 CONTINUE
j9FQ 3 RMAT'.,*'NTO0FK I~ ' 13~

-6 INIIA LI1ZE S UBPROFB SLE ZD:MENS 0N AND COLUMN INDICATORS.

N CO Li =
NPOI;J 1=')
NPRI1C=0
DO 104 NCP=q 402

DO 102 NP=1 ,130

10: TE-,P,NCR:=0.
DO 103 NP=1,5

TI, N P,NCR.=O
193 TT',NP,NC iO

*104 CONTINUE
DO 105 NR= '1,0

INBKNHP-'0
DO 10 5 NP1 , 10

10 5 TL-':NP.NP,'=O.

* C** CHECK FOR REAL CONSTRA-INTS:.

IF JlRC0N.EQ.0) GO TFI:' 1,



CALL PHSEI

IF (NDR.LE.0' GO TO 116
IF (W.GT.O.) GO TO 117

C **** THE PARTITIONING ALGORITHM BEGINS.
C

106 NPRIC=NPRIC+i
IF (NPRIC.EQ.1.AND.NRCON.EQ.O) GO TO 107

GO TO 108
10,7 PRINT WMUST INCLUDE SUBROUTINE READI"

GO TO 109
108 CALL READ2

NPIV=O
109 CALL CINDX

CALL TEST (NEYC,NDVR)
C
C **** IF NEVC IS LESS THAN ZERO, THE SUBPROBLEM IS OPTIMIZED.
C

IF (NEVC.LE.0) THEN
PRINT *,'SUBPROBLEM OPTIMIZED'

WRITE15,*)'SUBPROBLEM OPTIMIZED'
GO TO 110
END IF

C
C *44* IF NDVR IS LESS THAN ZERO, NO MINIMUM POSITIVE RATIO WAS FOUND.
C

IF (NDVR.LE.0) THEN
PRINT *,"NO MINIMUM POSITIVE RATIO FOUND'
WRITEK5,*) 'NO MINIMUM POSITIVE RATIO FOUND'
GO TO 116
END IF

CALL PERM (NEVC,NDR)
NP IW=NP IV+ 1
FRMT 4,"P:WOT# ",NPIY,' NPRIC=",NPRIC
WRITE(15,*1PIVOT# ',NPIV,l NPRIC=",NPRIC
GO TO 109

C
C 444 IF THERE ARE NO MORE PRIORITIES, TOTAL PROBLEM IS OPTIMIZED.
C *** PRINT THE OPTIMAL SOLUTION.
C

110 IF (NPRIC.EQ.NPRIT) GO TO 115
C

C 444* SINCE THERE ARE MORE PRIORITIES, MOYE ON TO THE NEXT SUBPROBLEM
C 4*44 IF THERE ARE ALTERNATE SOLUTIONS. FIRST, ELIMINATE THOSE
C 44*4 COLUMNS WHICH CAN NOT ENTER THE BASIS. IF THERE ARE NO
C 44*4 ALTERNATE SOLUTIONS, PRINT THE UNIQUE OPTIMAL SOLUTION.
C

ALTjT=O

DO 112 NCR=I,NCOLI
IF (INCKNCR.).EO.O' GO TO 112
IF :TKNPRIC,NCR).GT.0.) GO TO 112

DO I11 NP=I,NROWI
IF *JRO .NR,I).EQ.JCOL(NCR,I.AND.JROWNR,2 .EQ.JCOL(NCR,2 )

1 GO TO 112
l1l CONT INUE

I-3



F> * . • b . , - . -j - , -. -w..f-. *-. ; .-Q . -r - - r r"\: ' " -, i rj, .. pj .* q. - - * ,° -* * . o

AL7SC-= I

12 CONTINUE
CC +** IF ALTSZ -T=I, THERE ARE ALTERNATE SOLUTIONS..I

C
IF (ALTST.EQ.1) THEN

PRINT *,"THERE ARE ALTERNATE SOLUTIONS'

WRITE( 15,*.)"THERE ARE ALTERNATE SOLUTIONS'
GO TO 113
END IF

GO TO 115
C
C **** ELIMINATE THOSE COLUMNS WITH A POSITIVE RELATIVIE COST AT
C **t4 PRIORITY NPRIC.
C

113 DO 114 NCR=I,NCOLI
114 IF (TI-NPRIC,NCR).GT.0.) IND(NCR)=0

GO TO 106
C
C **** THE OPTIMIZATION IS OVER. PRINT OUT THE FINAL SOLUTION.
C

115 CALL POUT
* GO TO I1?

116 WRITE -6,123) NPRIC
GO TO 119

117 WRITE (6,124) W
WRITE (6,125)
DO 113 NR=1,NRO.JI

WRITE 6, 121' JROW,J.NR,IYJROW(NR,2),TB(NR)
118 CONTINUE
119 WRITE.,6,.OPTIMIZATION IS FINISHED. ANSWER IS IN FILE GPANS.'

STOP
C

120 FORMAT (315.
121 FORMAT (1015)
122 FORMAT (1615)
123 FORMAT "' 40H THE PROGRI'1 TERMINATED ON SUBFROBLEM 14, 42H NO

I MINIMUM POSITIVE RATIO COULD BE FOUND)
124 FORMAT (/ 65H THE PROGRAM TERMINATED IN PHASE I WITH OBJECTIVE F

IUNCTION VALUEF5.4)
125 FORMAT (/ 55H THE OPTIMAL SOLUTION TO THE PHASE I PROBLEM IS

I / 6H T(PE,2', 3HSUB,8X, 5HVALUE)
12 FORMAT (215,F15.4)

C
END

SUBROUTINE PHSE!
C
C *+ SUBROUTINE PHSE1 READS IN ANY REAL CONSTRAINTS AND PERFORMS A
C *t" PHASE I SIMPLE> PROCEDURE IN ORDER TO FIND AN INITIAL BASIC
C *.'* FEASIBLE SOLUTION.
C

COMMON TT,,10,402),TBK 130.',TE130,402,TL(130,10). ,TA(10),INB,'130),
C Ti .10,402. ,JCOL,(402,2) ,NCOLI ,NROWI ,NPRIC,NC( 10) ,JROW, 130,2 ,
C NY R,NPRIT, IND,(402) ,NTR(,130) ,NDV(, 130),NID,NWGT, 130),LCTR
COMMON /PHASEI./ W ,NRCON ,NDVR
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DIMENSONJ CK40> , CR 402', CS8. 130
rhP!I'=O .

C
C **** SET COLUMN AND ROW HEADINGS

C

DO 101 NV=I,NVAR
JCOL(NIV, I .)=2

101 JCOL:NV,2)=NV
DO 102 NR=1,NRCON

JROW(NR, I)=1
JROW(NR,2)=NR
NA R=r P .)A R + N R
JCOL(NAR,1 )=1

102 JCOL:NAR,2)=NR
C
C *4** READ IN COEFFICIENTS AND RHS OF REAL CONSTRAINTS
C

DO 103 NR=I,NRCON
C-
C- INPUT THE RHS OF REAL CONSTRAINT NUMBER ,NR
C- INPUT THE COEFFICIENTS OF REAL CONSTRAINT NUMBER

DO 30 N'J=1 ,NTR(NR)
READ':13,6)I ,J,TE(i ,J)

31 FORMAT('TEK I ,J)=" , 13,3:,<, !3,3X,F .2:)
IF,i.NE.NR) THEN

PRINT *,'** I 0 NR ** 1=',1,' NR=',NR,' J=',J
STOP

END IF
30 CONTINUE

READ,:13,6 !,J,TB('I)
6 FORMAT,214, F1 5.9)
32 FORMAT. 'TB I :=" ,I3,3X, F?. 2)
102 CONTINUE

WRITE,:15,*) 'PHSEi .AT. ENTERED'
C
C 4.44 PUT IDENTITY MATRIX IN FOR ARTIFICIAL VARIABLES
C

DO 104 NR=1,NRCON
NA P=NVA R + N R

I N B',. N R) =NA R
104 TE':NR,NAR.)=1

WRITEK 15,4)
WRITE-15,*' 'THE STARTING BASIS."
PRINT *,-'THE STARTING BASIS."
DO 55 I= hNPCON

AR:TE' 1 , 6) IMP' I.,

55 PRINT 56,I,INBI)
5.-, FORt -1T INB:',13, 3",, 14)

C
C *4** SET C(J)=0 FOR ALL DECISION VARIABLES AND C(J)=1 FOR ALL
C ***4 ARTIFICIAL VARIABLES

C
DO 105 N'Q= 1, NYAR

105 C'NVh=0.

I-5



DO 10o NR=-1.NCCON
O B!:NRlp) =1I.
NAR=N',.)AR+NR

10 6 C .1NH"R.'=I.

C

C*tCLCLATERELTIECOTCOFFCENSCR.

107 DO 108 N'v'=,NCOL

DO 10d6 NR=1 ,NRCON
108 CR(NtV)=CRK NQ' -CB'"NR *TEXN R 1NY' l.

C

C **** CHEC,-K FOR OPTIMALITYI
')E)C=0
NE)C=O
DO 109 NCO=1,NCOL

NY"=1 CO

IF (CRK'NV) GE.0 .) GO TO 109
1 -- CRKIN')) .GE.IJE)C) GO TO 10?

NE C=rjr'

1= NE,C=O3, PHA'SE 1 1H OP7iMIZED. CALCULATE OSJECTi')E FUNICTION.

IF vNCE..GO TO 115I

c *' -:,; 'TE DEPARTING VARIABLES ROW.
L

DI s p =3

IF '~ErRN LE.0.1 GO TO III

IF KE/R.O.0'GO TO 110

1:; 'D'R=Q '

I!: CON -IN UE
L

L '.IF NDY=O MNIMUM Ri:4TIO RULE FAILED. RETURN.

C

4*** FE7FORM THE PI'1'OT. RE""LA'CE HEH-DINOS- AND COST COEFFICIENT.
C

JROW(NDYR ,2 i=JCOL(NEJ)C 2'
CB"NtDQ)R CN C)-
ND')C=IrE- ND&R!
I NBK I La';P =N4E*.! C
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WR T E- 1 5, 5 N[I)F N[A)C "IDK NE1 C VIC

5 FOFMA1"TSI K ,'NDYF= ,14 , 3'NDC ,14, ,3XK DR'FiO3,
I ./17X , 'NE"C= 1 , 4,3X 'E)C= *FO 10

C **COMPUTE NEW TE ARRAY
C

PI'=TEKNDVR ,NEVC.
PIB=TB('NDYR.)
DO 113 NR=1 ,NRCON

IF ('NR.EJ.NYR.' GO TO 113
IF (ABS('TE,' NPNECh. .LE.0.OOOP. GO TO 113
P I(X=T E -(NP RN E'C) /PIYV
TB NP)F1XT(RPAPB
DO 112 NY=1,NCOL

112 TE K NP,NY ")=F IX G, E (NP,NV)-TE (N-.D'J)R , Nl) *P IA" )
113 CONTINLIE

TB 'NDY)R.~FI(P /I
DO 114 NY=1 ,NCOL

114TBNRN"F1 ENDRqN)P")

C 444END OF P11J0T OPERATIONS. PROCEED TO NEXT/1 ITERATI ON.

F RU1IT *,'FIOT # /,NPI'7k NPRIC=' ,NPRIC
WRITE 15, 'PIVOT # ',NPIV~, ' NPRIC=',NPRTIC
GO TO 107

C
C *'*CALCULATE W, THE PHASE-i OBJECTIIVE FUNCTION.
C

115 W=0.
DO 116 NP=1,NRCON

116 A=WtJTB(NR?)*CB(I,'NR)

C".INITIALITZE THOSE PORTIONS OF THE TAB-LEAU ASSIGNED TO THE
C "'ARTIFICliNL VAR AB L ES.

DO 1:? NP-I oNFCON
DO 11? N1Y=1,NCOL

I F N.LENA'GO TO 117
TE'NR V.)=G.

117 CONTINUE
C
C '**-' U E 7 NCOLI AND NEOWI FP-RF4'ETERS.

NROWI=NRCON
NCOL I=NVAPH"
PRINIT -*,'TOTAL PIYOTS=< ,NP 1')0
WR ITl-E,, 15,4 'T OTt& ' PIV1OT=' N P1i)
PET U F i

EN D
SUBROUTINE READ2

C
C *.*SUBROUTINE READ2 READS IN THE GOAL CONSTRAINTS AND OBJET7IV)E



C FJNCT ON TEPM '-E 4SSI TO0 PRIORITY IFRI C.
oC*~3U~N REACiD- IS AL'30 USED TO RE,,O IN THE FIRSlT PRIOJRITY GOL

C'** -%NTRi7T; "ANE OEuE'T,E FUNCTION TE;K -S: IF REAL CONSTRHINTS ARE
C ** PRESENT.
C

O TIV 10,402-) ,JCOLK14O2 ,2- ) NCOLI ,NRIOIA I NPRICNCK' 10. ,JRLWJK130,2,)
C Nk'QH'R,NPRIT, INiD'402' .,NTRK 13 0) D,DYKSI-O),NID',-NWGTK 130) ,LCTR
COMMON /CHNO/NCON',l 130 , 1O0 ,NTOF-( 10)

I F 1NC 1 NPR I CEQ.O0; GO TO 10?,
c

C ***RE"D IN THE COEFFI1CIENTS OF THE X'S.
C

NC-TMP=N4CKNPRI C)
D0 106 NRI=1,NCTNP

N-F=NfiT +p~iROL~JI
NC1l=NCOLi +2*NRI -1
NC'2=NCOLI *rR
JCOLK'NC1 .1)=4
JCOL (Nd, 2--NCON-:NRI tIFRIC.)

JCOLKNC2, 1.)=3
JCOL:'NC2, ,2=NCON'NR i ,NPRI1 C)

C- INiPUT THE COEFFICIENTS OF THE DECISION VARIABLES-
C- AriD, PHE FOR PRIORITY #NPRIC AND CONSTRAINT #NRI
C

DO SO NY=1 ,NTR(,NR)
READ'131,61 ,J,TE(1I,J)

IF,, I .NE.NR) THEN
PRINT *,''I K>NR *I=, NR=' ,NR,' J=' ,J
ST 7'- P

EN'AD I F
30 C ONTi1N UE

P, E- I

6 F -FlV llT :.2 :5 F
F0 FOP.M& T 'T

INBKN R 'I-C I

DoEKN R,.JC 1

CR~ 's. PEFFOF 'H PiI NE.UCT I C OTM.

DO 10 Nrcp,5W2
~J~t~riR, .N-. TOCT10

= C'NC E'zNL27z'i 7-
TEN '=B.I 4 -J EPJ*'

TE, tE ,3 J=
I0 zr~IU

C
C E'~ -E 7'f 1rE T HE E . > 1, ' E~ EL T7 ENT7E;:7, T- E P



IF 0T800NF 103.105,105
C
C**** SINCE TB IS LESS THAN ZERO, MULTPL THE ROW BY -1 AND ENTER Dt
C **** IN THE BASIS.
C

103 DO 104 NCR=1,NC2
104 TEKNR,NCR.J=-TE(NR,NCR)

TBmR)=-TB(NR.)
JROWKNR, 1 )=
JRCW(NR , 2)=NCON(NRI ,NPRI C)
00 TO 106

C ***, SINCE TB IS GREATER THAN OR EQUAL TO ZERO ENTER D- IN THE BASIS.
C

1J5 JROWNR , I 3=4
JRCWNR,2,=NCON(NRI ,NPRIC;,

13o CONTINUE
C
C **,* INCREASE THE PARAMETERS NCOLI AND NROWI.

NX=NFCK4
NCL I=NC2
NRCI =NR

C

C- AT PRIOFIT #NPRIC, INPUT THE SUBSCRIPT, TYPE, AND
C- WEIGHT OF EACH TERM IN THE OBJECTIVE FjNCTION.

c ,IF TERM IS POSITIVE DEWIPTIONAL, TYPE=3)
C 'IF TER" IS NEGATIVE DEIIATIONAL, T"P-=4)
C

10? NTTP=NTOF'NPRIC)

DO 103 NT=!,NTTMP
LCTR=LCTR*1
I SUB=.CTR
I T IP E=NDV NX +NT :
.GHT=NWGT , N *NT:
CALL PLACE ,SUE. ITYPE,.JGHT7)

133 1;7 1KUE

C
ENE

SUEROUTNE PLACE (ISUE,ITYPE,WGHT

SUBRO::TE PLACE PUTS THE OBJECTIVE FUNCTION WEIGHTS FOR THE
- D* D'i T7N oARIALE- AT THE CURRENT PRIORITY LE"EL (NPRIC, IN THE

4 *4... .il -'S:7'S. IN THE AUGMENTED TABLEAU.
C 4*-~

- sE=--E S,E:OSC I T OF THE DEWITIC1AL VARIABLE

G *4-' iT'PE=3, IF PO'SITI'E DEVIATIONAL VARIABLE (D+)
C .44 4, IF NEG TP.E DEIATIONAL VARIABLE (D-)
C **
Q. 4-','T=T-E CAPE'AL IJEi3HT OF TH:S DE:.:T N0AL VAKABLE AT THE
C 44o CURRENT PRIOFIT. LEC)EL

• . , , . _ . • ' . " . , t . " , , = -', - s



- ~ .,CL ,N OW JF RTIC ,JC. 10 *JR C1.1' e,.
C ' NPT, INp 42 RK- 130) NDIY( 1230 ,N I D, NIAJGT. 13 ,-CT R

COON M C H I"N CCN'2 13 0 ,--0:,NTOFK 10!'

,*L :. ? CL42 T HE LiE I '3H IN71 . THE PROPER COL'JM.N IN THE TOP STUB

DLD 101 NCR=LdC1 ,NC.OX~

I F *J KNR1 .I.1 READJOLNP2 .N7 2 C TO,', H T

C P'. L.45 THE I-E' '3HT IN THE FRCRER ROW -I THE LEFT7 STUB.

t-F.LC,;I , .E&1.17T:FE . iND). J R CKN R ,2. ED. 1 SUE GO0 TOC 10 4

G'' 0 i I 10f
17-4 T L P,, 'I =WGHT

JURTNE END'

C ~ UBRO T LE CIND'C r(N P;iTEB- THE ELA'T llE COT COEFFICIENTS FOR E4CH
C '1'Y >zEli THE uUPPE- TAMBLEAUK"THE TlV A ~R( ND THE

..... OBET 1,5E FUCT 7 t i'L E 7H5 - T" ' 4RR4 ( 4T THE CURRE ,NT

77 - F B, I 3.i TE 1 K'F 41-j-- 1 L' 1.6 T~. A-K 10' I 1NKi 130,
* I? '' N0L,4PW F NF ..I 0.JPC 130,2,.

- 4 .,I'F~:; ND[ 4F~ r 120 IND i5 l,C7T,, 30) LCT7'

Ii a- ir L

7, ...... FI: 7'151E .7T ',IFj~ IJ

i C Lt

* ~ ~ ~ ~ ~ ~ ~ ~ 7 P - .*4- 7.CP-5H HPC P >-

E:;;F SP U ::;E TE::-H7

-41OT:E 5 DETEZt''iE T, E NET C ENTER IN G VAPIP ELE -2 COLUMN
4.' E'.'C ' ~ETHE N4E 7 DEZ"PTItP>E S ROW'jp.I . IF NiO

- tf 1P 27E 14 RO: ELE, THE >LJ E rn-n~= Is RETUJRN ED
I NQ';11C= C IS RET7;JFED, NC >'lJU POS17IE P"'74T0 COULD BE FOLl

- *. -~ 7'L' P*, - H LL OF THE L0U:Frr-'ENlT3



C *t.TE-. .NE.)C. ARE NONPOSIT lY1E.
C

CHARACTER KID133'.*24

C T I (10, 402) , JCOL,'402-,2" ,NCOLI ,NROWJ ,NPRITC,NCK 10.) ,JROWd,130,2,)
C NVAR,NPRIT,!ND '402, ,NTR(130. ,NDV:'130) ,NID,NWGT('10. ,LCTR
C OMM ON/ CHAR./ KI D
NDVR=0
N EV CO
VEVC0O.
'vD'Q/lR=10 .O0E -12 0

C ***DETERMINE ENTERING VARIABLE'S COLUMN.
C

DO 101 NCR=1,NCOLI
IF (TI( 4NPRIC,NCR).GE.O.) GO TO 1014IF (IND-KNlCR).EQ.0) GO TO 101
IF ('TIKlNPRIC,NCR).GE.VEY)C) GO TO 101
NEVC=NCR
VEVC=TI,(NPRI C,NCR)

101 CONTINUE
C
C **~IF NEY)C=0, SLIEPROBLEM NPRiC IS OPTIMIZED. RETURN.
C

IF NECE.)GO TO 107

C *"DETERMI TNE DEPARTING VARIABLE'S ROW.

DO 105 NR=1,NROW1I
IF 'TE' 'NR,NE'lC').LE.0.) GO TO 105
V=TB-NR) /TE(,NR ,NEVC)
IF (NDVR.EO.0'; GO TO 104
IF KV-VDk)R. 104,102,105

1021 DO 103 NP=1,NPRIC
* IF TLN P)TL:N'RN) 105,103,104

103 CONTINUE
1014 V DV IR=)

N DlY R=N R
1 0, -1 11 OTI U E
137 IFKlNDY-'R.EO-.0', RETURN1

NDYC=INB'NDY,)Ru
INB(ND' 'P '=NE )C

S FORMATJ, '5.,'E= , ,3X,'NDVC=',14, 3'Y,'VD'VR=' ,F1O.3
I i7 ,'E )C=,14,7,''EC=< ,FIO. 3)

END
SUBROUTINE PERM (NEC,NDV-lR)

C
C ***SUBROUTINE PERM PERFORMS THE PIVOT OPERATION USING THE PIVOT
C * ELEMENT IN COLUMN NEIW AND ROW NDYR AND COMPUTES THE NEW TABLEAU.
C

COMMON TTK 10,402-) ,TB' 130. ,Th'. 130 ,402. ,TL( 130,10) ,TA: 10., INB( 130.),



C TIKI10,402) jCOLK4022> ,INCO LI C .N~ ,P:: 4 C3 ,JRC 30.2
C NVAR,NPR IT,.IND(402: NTR 130. ,NDVY,130) NiD,NWGT-. 130 LCTRF

C **** REPLACE HEADING FOR ROW NDVR.
C

JROLJKNDVR, 1)=JCOL("NE'JC, 1I')
JROWNDVR ,21)=JC OL(NEYC,2')

* C

* -C 44*4 REPLACE TL VECTOR FOR ROW NDVR

DO 101 NP=1,NPRIC

C *4 COMPUTE NEW. TE ARRi 4 .

C II= ~ VRNE
P1 B=TB(,NDVR)
DO 103 NR=1,NROWI

IF (NR.EO.NDVR) GO TO 103
IF (ABS-'TE(NR,NEV'CU.LE.0.0005) GO TO 103
FIX=TE(NR ,NEJ)C)./PIV
TB:'NR:=FIAITB: NR)-PIX;*PI4B
DO 102 NCR=1,NCOLI

1102 T E( N R , NC R)=FIX' T E(N R ,IN C R) -T E :N DYR ,NC R) P I,()
103 C ONT iN UE

T B (N DV R) =FI X(-l P I B/P IY)
DO 104 NCR=1,NCOLI

104 TE:'NDVR 4NCR)=FX,(TE-NDkJR NCR)/PIV)
( RETURN

C
END
FUNCTION FIX(>:

* C
C ***FUNCTION FIX BRINGS FLOATING POINT VALUES THAT ARE WITHIN 1 .E-3

* C *4~OF AN INTEGER TO THA'T INTEGER.
C

Fi.(=AINT(2Z+SIGN-. *5,Z)
I F A BSFIX-Z) .GT . 1 .E -3' FIX1

C
RETURN

oC
END
SUBROUTINtE POUT

C
C *+* SUBROUTINE POUT PREPARES AND PRINTS THE SOLUTION INFORM AT ION.
C

CHARACTER KID(1B8)*"24t
COMMON TTKIO0,402-) ),TB(130) ,TEKI'3O,402-) ,TL(130,10) ,TA("10) ,IN-B$"130.'

C TI(:10,402) ,JCOL(402,2) ,NCOLI ,NROWI ,NPRIC,NC('10) ,JROW(1l30,2),
C NYA)R,NPRIT,INDK4O2) ,NTR(130) ,NDV( 130) ,N4IDINWGT( 130),LCTRI

COMMON /CHNG/'NCON(' 130 ,40) ,NTOF, :10)
C OMM ON/ CHAR/RKI D

4DIMENSION WAOUT402,4), RLHS(130,10)P
DIMENSION DIFFK13OI)
OPEN (11,FILE='GPANS')
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.4I

REWIND 11
WRITE 1 ,122.
WRITE -11,123) NPRIC,NROWI

C
C **.** OUTPUT ARRAY IS ZEROED.

C
DO 101 J=1,402
DO 101 J=1,4

10i WOUT(I ,J)=O.
C
C **** OUTPUT ARRAY IS FILLED.
C

DO 102 NF=I,NPRIC
102 WOUT$NP, )=FIX(TA(NP))

DO 103 NR=1,NROWI
I 1=JROW(NR, I)
12=JROW(NR, 2.

103 WOUT12,11 =FIX-TBNR)
C
C **** IF ALL PRIORITIES HAVE BEEN INCLUDED, PRINT OPTIMAL SOLUTION.
C **** IF NOT, WE MUST CALCULATE VALUES FOR REMAINING TA'S AND D- AND D+
C

IF (NPRIC.GE.NPR1T) GO TO 114
NP I=NPR I f+ I
DO 113 NP=NPINPRIT

TA ( NP =0.
IF (NCK NF).EQ.0) GO TO 106

C
C **** READ IN THE GOAL CONSTRAINTS ASSIGNED TO PRIORITY NP.
C

NCTMP=NC (NP)
DO 105 NCI=1,NCTMP

NR=NROW I +NCi
C
C- INPUT THE COEFFICIENTS OF THE DECISION VARIABLES
C- AND RHS FOR PRIORITY #NPRIC AND CONSTRAINT #NRI
C

DO 30 N'=1,NTR.NR)
READ'. 13,6I ,J,TE'I J)

IF, I .NE.NR, THEN
PRINT *,'** I > NR ** I=",!,' NR=",NR,' J=",J
STOP

END I F
30 CONTINUE

READ: 13,6) I,J,TB I.
6 FORMAT(214,FI5.9.)

RLHS(NCI ,NP O)=0.
DO 104 NV=1 ,NVAR

104 RLHS(NCI,NP)=RLHS<NCI ,NP) +TEKNR,NV)*WOUT(NV,2)
DIFF,:NCI)=TBKNR)-RLHS(NCI ,NP)

105 CONTINUE
C
C
C- AT PRIORIT( #NPRIC, INPUT THE SUBSCRIPT, TYPE, AND
C- WEIGHT OF EACH TERM IN THE OBJECTIVE FUNCTION.

1-13
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C -IF TERN I'S POSITIVE DEJ)tT:OWL, T'(FE=3)
y L (IFTER 13NE--rmTI'E OE')IATIONtAL, T'TPE=4.

106 NTTRP=NTOFKN 1P)
D0 112 NT=1,NTTMP

LCTR=LOTR+ 1
IS'UB=LCTR
ITYPE-ND'.'NTtNROWI
WGHT=NWGT(1NT.NROWI )
IF (NCN.Pn EO) GO TO III
N CT'I P=NC K NP )
DO 110 NCI=V NCTMP

IF (IEUB.NE.NCONNCI,NP)) GO TO 110
IF 'DIFF(NCI)) 107,108W,109

*10'7 IF ('ITY(PE.NE.3) GO TO 110
W.OUTK iSUB,3)=-DIFF('NCI)4108 GO TO 110

10? IF (ITYPE.NE.4) GO TO 110
WCUT( 'ISUB,4)=DIFF('NCI)l

110 C ONT INLUIE
III TA: NP:J=TA(NP)+WGHT*W40UT$'ISUB,1TYPE)
I11 CO0NTi1NU E

N NR OWI =N P OW4I + lC( NP)p

C -** FILL IM THE OUTPUT VALUE FOR ATTAINMENT OF PRIORITY NP.
C

WOUT, ~NP , 1 =F I.x<'TA N dP)
113 CONTINUE

C
C *4* PRINT OPTIMA"L SOLUTION
C

114 WRITE (116
WRITE (11,127) i

I I' WO0UT(NY,2).EO.O) GO TO 115
IF (NY). LE .NID) WR ITE (11,7) NY , K D( NY),WOUT (NY ,2)
IFKNY J.GT .NID) WRITE:11,128) NY ,WOUT("NV,2)

I'S CON11TiNUEI
7 FO]Plf-TI3,' '(at 24,3xi,F15.4)

WRITE (11,126)
o WRITE (11,129)

DO 116 NP=2',NPR IT
IF (NC('NP).E0.0) GO TO 116

NCTMP=NC (NP)
DO 1309 NCO=1 .N4CTMP

N=NCON: NCOMPi
* WRITE ('1, 130) NP,A,!AOUTKlN,3) ,WOUT';N,4)

*13? CONTINUE
116 CONTINUE

J=1 -
IF: J.EO.1' RE'TURN -

WRITE (11,126)
* WRITE (11,I131.

DO 117 NP=1,'NPRTT
WRITE ('11,132) NP ,WOUT..NP,I.



117 C3OiTIINUE
WRITE '1.,12:'
WRITE (11,132'

WRITE "1 134'
I=M 0 -,NPRIT 'AR ,NROw I

DO 121 K=1,I
IF (K.GT.NPRIT.' GO TO 11Q
IF 'K.GT.NYAR GO TO 113
WRITE (11,135) K,WOUTK,J ',J=1 ,4:
,O TC 121

118 wF ITE 11,136 K ,WOUT' K, 1 ','WOUT', K, J) , J=3,4
GO TO 121

IIQ IF (K.GT.'v:QAR GO TO 120
WRITE (1,137) K,(WOUT'lK,J),J=2,4

GO TO 12!
120 WRITE (11,138 KWOUT(K,.J) ,J=3,4

121 CONTINUE
WRITE (11,12:)

RETURN
C

122 FORMAT (IHI)
123 FORMAT (/ 39H THE OPTIMIZATION ENDED ON SUBPROBLEM ,15 / 13H T

IHERE WERE ,15, 42H CONSTRAINTS IN THE FINAL OPTIMAL TABLEAU.)
126 FORMAT (//8O 1H*:
127 FORMAT (IHO, 52HTHE OPTIMAL SOLUTION FOR THE DECISION VARIABLES A

13))

128 FORMAT (IHO, 2HX,',13, 2H)=,F15.4)
12R FORMAT (IHO, 25HTHE GOAL ACHIE:VEMENTS ARE // 9H PRIORITY,2'X, IIH

IGOAL NUMBER, 2X, 16HOVER-ACHIEVEMENT,2X, 17HUNDER-ACHIEt.)EMENT)
130 FORMAT (4X, 12,12OX,12,10XF1O.4,10XFIO.4)

131 FORMAT (IHO, 29HTHE PRIORITY ACHIEVEMENTS ARE // 9H F'RIORITJ,SX,
1 i IHACHIEVEMENT'

132 FORMAT (4XI2, 10'XFIO.4)
133 FORMAT (IHO, 15H OUTPUT SUMMARY)
134 FORMAT (IHO, 9HSUBSCRIPTI1X, 8H A OPT,7X, 8H X OPT,7X, 9H

I POS DEV,6X, 9H NEG DE.)/)
135 FORMAT (18,7X,4FI5.4)
136 FORM ,T (IB,7,FlS.4,1 ,. ,2F 15.4;
137 FORMAT (I8,22X,3F15.4)
138 FORMAT ki1,3.4,2F1., 4)

END
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